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THE SOCIAL SCIENCES IN 
GREAT BRITAIN 


N what may perhaps be the eve of real measures 
of social reconstruction, the conclusions of the 
Committee on Scientific Research on Human In- 
stitutions appointed by the British Association are 
welcome. For if, as Mr. Churchill has said, it is a 
definite part of the duty and responsibility of the 
National Government to have its plans perfected in 
a vast and practical scheme to ensure food, work 
and homes after the War, research into the most efficient 
plans to form into such a scheme must be started 
forthwith. This research itself must be “vast and 
practical” and must integrate the work of natural 
and of social scientists. Representatives of both 
persuasions were members of the Committee, which 
consisted of Prof. P. Sargant Florence (chairman), 
Mr. L. J. F. Brimble (hon. secretary), Mr. H. J. 
Braunholtz, Prof. G. Catlin, Prof. C. H. Desch, Mr. 
A. Farquharson, Prof. J. C. Flugel, Prof. Morris 
Ginsberg, Prof. Lancelot Hogben, Dr. Julian Huxley, 
Prof. Harold Laski, with the President and General 
Officers of the British Association. Thus the 
Committee included a chemist, three biologists, a 
psychologist, an economist, an anthropologist, two 
sociologists and two political scientists. The detailed 
terms of reference point straight at the close con- 
nexion of social research and governmental plans. 
The committee was “to consider how the results of 
scientific research on human institutions and human 
needs and their interrelations can best be co-ordinated 
and brought to bear on the formation of public policy”. 
Any committee of the British Association, with its 
sections devoted both to the natural and to the 
social sciences, must start by dealing clearly with the 
differences and similarities in the research of these 
two groups of disciplines. The difference is seen in 
the fact that the recognized natural sciences, including 
even physical anthropology, do not deal with the 
contact of man with man. To study these essential 
contacts the report envisages a sociology dealing with 
types of human association and organization and 
their functioning through the “operation of law, 
morals and religion in society and of other forms of 
social sanctions and control, including the economic 
price mechanism”’. 

But the similarities of the two groups of sciences 
are greater than is usually assumed both in the 
method employed and in the material it is employed 
upon. “Both natural and social sciences”, to quote 
the report, “are concerned with qualitative as well 
as quantitative methods. . . . Both employ deduc- 
tion, classification and induction and take no account 
of values’, except in so far, presumably, as the 
origin of values is a proper topic of scientific interest. 
The similarity of method is indeed becoming more 
evident now that both natural and social sciences 
are making wider use of statistical techniques. 
Economists are becoming less content to rely on 
deduction from self-evident axioms. They sum- 
marize factual data into index-numbers and ‘multi- 
pliers’, and are applying precise measurement to the 
national income. Occasionally even political scientists 
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indulge in realistic surveys such as casting the 
proportion of public school men in British Cabinets. 
Social psychology in its studies of vocational selection, 
industrial fatigue and the like has always employed 
statistical methods, and social biology and demo- 
graphic studies such as the measurement of the 
localization and structure of the industrial population 
are statistical in very essence. 

Though the subject-matter of the social and natural 
sciences is different, there are many lines of research 
on the border of the two, in the pursuit of which 
workers both sides the border should co-operate. 
Social medicine, dignified by the recent creation of 
chairs at the Universities of Oxford and Birmingham, 
is a case in point ; and the translation of new engineer- 
ing techniques into the plans and planning organiza- 
tion of a factory should be another borderline study 
linked to the demographic problem of industrial 
location. A third borderline picked out by the Com- 
mittee is that of social biology and social psychology. 
These deal with (1) the genetic basis of human 
behaviour, the influence of the quantity and quality 
of the population on social structure, and the con- 
verse influence of the social structure on the quantity 
and quality of the population; (2) the needs and 
wants of man, his preferences and aversions, motiva- 
tion and educability in various types of social 
organization, the distribution of abilities and problems 
of recruitment. 

The new emphasis on training of teachers for 
school biology with a view to national health, spon- 
sored by the Central Council for Health Education 
and other official or semi-official bodies, points to 
another direction in which our universities will 
have to make provision for closer contact between 
naturalistic studies and social statistics. 

The post-war problems discussed by officially 
appointed committees have been grouped into the 
physical lay-out of homes and of industry; and 
social security, either by providing the conditions 
for work and health or, at second best, compensation 
for unemployment and disability. All these problems, 
against which the Government is presumably making 
plans, require research for their successful handling 
and, in particular, co-ordinated research among the 
natural and social sciences. An efficient physical 
lay-out involves knowledge of geology, geography 
and engineering as well as the economic characteristics 
of industry. A successful plan for social security calls 
for knowledge of food values, vital statistics and the 
possibilities and limitations of the political and 
administrative set-up ; and both a successful home 
and a successful security policy involves a knowledge 
of people’s habits and ways of thinking that is by no 
means given to the individual sociologist and psycho- 
logist without systematic and objective research 
among the masses. 

Clearly the interrelation of the natural and social 
sciences and their application to public policy are a 
two-way traffic. Greater knowledge of natural 
phenomena makes its impact on social organization ; 
but the needs, wants and abilities of man require 
that human institutions make—in reverse—their 
own impact felt. It is a commonplace that new 
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applications of natural science without apprv priate 
social controls have led to mass unemployment, 
monotonous labour, derelict industrial areas and 


concentration of economic power detrimental to 
community values. 

What, then, are the practical measures that 
be taken to implement the social research t 
required as a basis of public policy ? 

First and foremost, more importance should be 
attached to the social sciences in the form of « 
ment of certain branches of social research. It is 
sometimes thought that social research can be carried 
on cheaply because little is required in the way of 
apparatus and laboratories. This is a profound 
mistake. The major expense even in the natural 
sciences is made up of salaries for research personne! ; 
and the social sciences, if they are to base conclusions 
on @ sufficient field of objective observation, statistic. 
ally measured, will certainly need a large skilled 
staff. Natural scientists are justifiably contemptuous 
of the armchair type of thinking by social scientists. 
But if the sociologist is to leave his armchair for the 
field he must have trained armies at his command. 
He cannot, in the complex situation that social life 
presents, rely on a few select observations. He 
cannot reduce expenses by controlled experiment 
under laboratory conditions. So far from being 
cheaper, effective social research is likely to prove 
more expensive than research in the natural sciences. 
There is, of course, some justification for the 
economist who complains of the uninspired collection 
of facts of trivial importance without guiding hypo- 
thesis. Much expense can be saved by armchair 
thought, and co-ordination of working hypothesis 
with statistical fieldwork is a prime necessity. But 
however happy the marriage of theory and statistics, 
the family budget is likely to run high. 

Next to endowment, research on human institutions 
needs, it is clear, close co-ordination. 

It is mainly for this purpose that the British 
Association Committee proposes the setting up of a 
Council for the Social Sciences. This Council would 
co-ordinate the direction of research and the dis- 
bursement of funds, would initiate and supervise 
practical training and aavise the Government on the 
preparation of official statistics in a fruitful form. 
For it is on data collected by the Government that 
factual social research must often rely ; and all too 
often such research is frustrated by ill-conceived or 
inconsistent classification and tabulation. If and 
when the necessary expenditure is forthcoming, such 
a Council might well carry with it the responsibility 
for planning co-ordinated inquiries of social import- 
ance within the framework of a university develop- 
ment council. 

Finally, social research needs the means for 
publicity if it is to be brought democratically to bear 
on public policy. For this purpose, the Committee 
proposes the formation of a society for factual social 
research in addition to the co-ordinating Council. 
Such a society would be formed on the lines of learned 
societies in the natural sciences, thus again illustrating 
the importance of mutual help and advice between 
the sciences, social and natural. 
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FUNCTIONAL COLLABORATION 
IN WORLD AFFAIRS 


HE survey of the activities of the Middle East 
Supply Centre which appears in the centenary 
number of the Economist is a valuable contribution 
to the discussions at present centring on the value 
f functionalism as a factor in promoting inter- 
national collaboration. The success which has 
attended concentration on particular problems and 
the ease with which co-operation has been secured 
for some specific purpose, as the Hot Springs Con- 
ference showed, have suggested that functional 
co-operation may be a means of persuading the 
Powers ultimately to make the wide sacrifices in 
national sovereignty which the preservation of peace 
will demand. The Middle East Supply Centre is a 
piece of functional international machinery which 
has been evolved empirically and could be main- 
tained in its own area after the War. It serves a 
natural regional grouping, which is overwhelmingly 
Arab, the industrial development of which has 
searcely begun. The States are fiercely nationalist 
and the very fact that the Middle East is a microcosm 
makes its experience of value as a model for similar 
centres elsewhere. 

While the war-time work of the Centre is chiefly 
to regulate the flow of supplies into the area in the 
interests of war economy, it needs little imagination 
to see the vital purpose which this simple piece of 
Anglo-American organization could serve after the 
War. Its staff is predominantly technical, scientific 
and young. Their chief work is to serve as a centre 
of information and contact, to advise, instruct and 
encourage the local authorities and to be, as it were, 
the guiding intelligence for the whole area. Already 
in this way the Centre has been a general trans- 
mitter of agricultural projects and improvements, 
facilitating the passage of successful experiments in 
agricultural development from one area to another. 
For example, it was only after the establishment of 
the Supply Centre that the excellent system of 
dealing with the menace of the goat to afforestation 
in Cyprus was brought to the notice of the Syrians, 
and successful experiments in growing seed potatoes 
have been extended from Malta and Palestine to 
other Middle East States. 

This pooling and exchange of information is sup- 
ported by surveys carried out by experts from the 
Centre into local conditions of agricultural production, 
with comments on how they could be improved. The 
Centre has also arranged for the provision of agri- 
cultural machinery, and important schemes of 
irrigation have been sponsored. Three of these are 
being operated in Persia, another is under discussion 
for the headwaters of the Euphrates, while in Syria 
a scheme which had been considered for years was 
carried through by the 6Ist Tunnelling Company of 
the South African Army at the request of the Middle 
East Supply Centre. Locust control is another 
example of international action planned through the 
Centre. Research has established the fact that these 
devastating insects execute a regular nomadic cycle 
through the Middle East, wintering in Southern 
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Persia, to return through Iraq, Syria and Egypt to 
Abyssinia. No one Government could ever have 
dealt with this vicious circle, but the Middle East 
Supply Centre has been able to bring all the interested 
States together and achieve the essential co-ordina- 
tion. Under the direction of Dr. B. P. Uvarov in 
London and with the assistance of the R.A.F. and 
the Red Air Force, exterminating crusades, operating 
from the air and on land the length of the Red Sea 
and up through Persia and Iraq, hold promise that 
for the first time in history the plague may be 
brought under control. 

Medical services provide another example, and here 
the experience of the International Health Organisa- 
tion of the League of Nations had already pointed 
the way. Apart from the standardization of drugs 
and equipment, the Middle East Supply Centre has 
resulted in official medical services coming in contact, 
in the R.A.M.C. and the American services, with 
some of the finest medical minds of Britain and the 
United States. The standard of public health has 
already been raised in this way, but scourges such as 
malaria offer opportunities for far more to be done. 

These examples and others such as the creation of 
new industries or the assistance given to transport 
can scarcely fail to suggest to the scientific worker 
the value of the Centre after the War as a pool for 
all kinds of economic, social and technical services. 
In an area starved of technical efficiency, expert 
assistance would be always available without onerous 
political or economic conditions attached to its use, 
although the Governments concerned should be 
expected to contribute something in return for the 
advice they receive. Beyond this, the Centre would 
also be a planning headquarters. Its experts would 
conduct regularsurveysof areas or problems and advise 
the Governments on the best methods of solving 
their difficulties. Any problem which was beyond the 
competence of the local authorities or involved two 
or more Governments could be referred to the Centre 
for expert opinion. It needs little imagination to 
realize the immense contribution which the Centre 
could make in such ways through energy, guidance 
and clear thinking. Irrigation schemes, roads, power, 
artesian wells, industrial development, all crossing 
and recrossing national frontiers, could, as the 
Economist truly observes, give a unity to the Middle 
East which five generations of pan-Arabism could 
not achieve, if indeed it did not provide the kernel of 
effective political unity. 

The significance of a Centre of this type, beginning 
as a piece of effective machinery for regional planning, 
co-operation and research, and stretching out to 
regional health services, transport authorities, public 
utilities, industrial and agricultural development 
boards, is not confined to its adoption, more or less 
modified, as a model for other centres and as & 
stimulus to functionalism. It has a profound bearing 
on the whole development of colonial policy and 
planning. The article in the Zconomist rightly stresses 
the opportunity which this functional approach to 
the problem of pooling sovereignty offers to Britain, 
and the need for her te concentrate not on the export 
of business men and traders but on experts, tech- 
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nicians, medical men and scientific workers, who 
combine her great and humane traditions with the 
scientific and technical skill the twentieth century 
requires. The point was indeed made by Flexner in 
his discussion of English universities, when he 
emphasized the need of the British Commonwealth 
for trained men of wide disinterested cultural and 
scientific training, who could conduct organized 
attacks on the problems, practical and philosophical, 
of modern life. In that way might well come the 
creation of new markets, through the raising of 
standards of living everywhere, and the transition in 
Britain to a new industrial system based on high- 
grade products and services. But if colonial problems 
are no longer to be a stumbling block in international 
relations, if the question of access to raw materials 
is not to become academic, if commonwealth and 
empire are to be synonymous terms, colonial policy 
must take full account of these functional develop- 
ments and turn them to the most effective use. 

Much the same idea of functional development 
permeates the plea for imperial development on a 
much larger scale which is the essence of H. W. 
Foster and E. V. Bacon’s ‘““Wealth for Welfare’. In 
urging the establishment of an imperial development 
authority which might be a prelude to an inter- 
national authority, and would be organized on the 
lines of the public utility corporation, the emphasis 
is placed on the need for a factual approach, for 
continuity of policy and for adequate financial 
support. Whether in dealing with the economic 
development of a particular area such as British 
Honduras, which they use to illustrate their argu- 
ment, or in describing the broad and more general 
work which might be entrusted to the proposed 
development authority, Messrs. Foster and Bacon 
stress the need for adequate research and experiment 
as a@ first stage. This must be the prelude to any 
extensive planning, and their suggestion that an 
exploratory research and development company 
should be formed first to acquire the knowledge and 
experience on which the organization of a permanent 
development authority could later be based, is 
characteristic of their outlook. 

This scientific approach affords a sound basis for 
the conviction of Messrs. Foster and Bacon that 
economic development of the British Colonial Empire 
on lines primarily designed to promote welfare, and 
with resources and a long-term policy which will 
permit the cumulative benefit of the measures 
initiated to be reaped, is sound financially. What is 
striking is the extent to which their policy is already 
reflected in action. An article in the current number 
of the Round Table shows how the Hot Springs Con- 
ference has made an important addition to the tech- 
nique of diplomacy and strengthened the collaboration 
of the United Nations. In a field where political 
action is also required to secure the solution of a 
technical or economic problem, it has done much to 
clear the way—so much that we might well encourage 
the idea of technical conferences as opposed to con- 
ferences of plenipotentiaries for clearing some of the 
ground in post-war problems. 

Again, it is probable that the food organization is 
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likely to serve as a source of technical and s:ientific 
advice to any commodity council set up by the Uniteg 
Nations as a political body to take executive action. 
and to secure a position of authority as an i: :partia) 
source of information and advice in agriculti:ral ang 
nutritional matters may well be the most important 
part the food organization could play. Ly pro. 
viding a meeting-ground for the expert and « forum 
for the discussion of matters of common concern, 
and by conducting expert inquiries or undertakings 
at the request of governments or groups of govern. 
ments, such a body would be invaluable in furthering 
the aims of the Hot Springs Conference, irrespective 
of the progress which may be made in organizing 
economic relations internationally in more general 
fields. 

The three notes struck in ““Wealth for Welfare” 
are equally clearly reflected in Colonel Oliver Stanley's 
recent statements and speeches and in Government 
action. In regard to research, for example, the 
Colonial Economic Advisory Committee recently 
established under the chairmanship of the Duke of 
Devonshire to advise the Secretary of State on 
matters of economic policy in relation to the Colonial 
dependencies, particularly matters of general policy 
arising out of programmes of economic development, 
follows naturally on the Colonial Research Committee 
appointed last year under Lord Hailey as chairman, 
It should also be remembered that Nuffield College 
is at present engaged on a three and a half year 
scheme for research into economic and constitutional 
questions in British tropical Africa. A Committee of 
Colonial Studies set up to co-ordinate and advance 
these studies and an Institute of Colonial Studies, 
financed by Nuffield College, are among four further 
steps recently taken by the University of Oxford t 
develop Colonial studies. Again, the importance of 
comparative studies of labour problems as a field of 
research is well brought out by Dr. Margaret Reid in 
a paper, “Migrant Labour in Africa and its Effects 
on Tribal Life’’, in the International Labour Review 
(45, No. 6; 1942) which has recently been reprinted. 
Dr. Reid’s preliminary survey shows how labour 
demands of an alien economic enterprise have com- 
pletely undermined the old economic life of Nyasa- 
land and threaten its social life as well. 

Colonel Stanley has explicitly recognized the 
importance of a factual basis for broad lines of 
economic policy, and he has emphasized in a speech 
in the House of Commons on July 13 and also else- 
where the necessity for liberal expenditure on colonial 
development ; like Messrs. Foster and Bacon, he 
appears to be convinced of the value and importance 
of such expenditure on an adequate scale. He recog: 
nizes to the full the opportunity which the Colonial 
Development and Welfare Act offers, and his words 
on this point are the more important because he 
insists that economic development must be linked 
with educational advance, and that the two together 
form the twin pillars upon which any sound scheme of 
political responsibility must be based. This would 
appear to be the only way of combining the statu 
of trustee with that of partner. 

Colonel Stanley rightly pointed out that the spread 
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of elementary education in the Colonies is a necessity 
for every social improvement; every economic 
development in some measure demands an increase 
of knowledge among the people. New health measures, 
the improvement of agricultural methods, new co- 
operative machinery for production and distribution, 
and the establishment of secondary industries, make 
demands on the Colonial peoples for co-operation to 
which they can only respond when they have educa- 
tional opportunities. The Commission of Inquiry into 
higher education in British West Africa under Mr. 
Walter Elliot, Mr. Justice Asquith’s Commission of 
Inquiry into the whole question of university training 
in the Colonies, and the course for training in leader- 
ship of co-operative societies at the London School 
of Economics, are the natural concomitants if the 
expenditure of large sums from the Colonial Develop- 
ment and Welfare Fund contemplated by the Colonial 
Secretary is to bear full fruit. 

On the question of regional developments, Colonel 
Stanley was as explicit as on this functional approach. 
While he recognizes that the detailed planning must 
be done on the spot, he stated that the experience 
already gained by the Anglo-United States Caribbean 
Commission has led the Government to contemplate 
more permanent machinery in which all the common 
problems of an area could be discussed. The Govern- 
ment would welcome the establishment of such 
machinery as the establishment of commissions for 
regions comprising not only the States with colonial 
territories in the region but also other States which 
have a major strategic or economic interest in the 
region. While each State would remain responsible 
for the administration of its own territory, such a 
commission would provide effective and permanent 
machinery for consultation and collaboration in 
promoting the well-being of the colonial territories, 
and with this work the people of the colonial terri- 
tories in the region should be associated. 

Colonel Stanley has thus associated himself with 
an idea to which General Smuts and Lord Hailey 
have given some prominence, and in the debate in 
the House of Commons Sir Edward Grigg stressed the 
opportunity in such international collaboration of 
associating the self-governing Dominions with the 
administration of the British Colonies. Evén though 
the full responsibility of the tutelary Power of actual 
administration of a particular territory is unimpaired, 
there are clearly difficulties in regard to such 
groupings, as the slightest. review of any possible 
groupings in Africa, for example, will show. None 
the less, the experience of the Middle East Supply 
Centre as well as that of Anglo-United States 
co-operation in the Caribbean has already indicated 
possibilities which must be explored. If we keep 
central direction to the planning of the broad schemes, 
ensuring continued, long-range planning and the 
provision of adequate resources, both in finance and 
in personnel, and entrust the elaboration and execu- 
tion of detailed schemes to the local administration, 
we may best ensure the co-operation and interest of 
the individual communities and their leaders. At 
least it is clear that the co-operative attack on 
particular problems and the planning of resources to 
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that end, independent of artificial political boundaries, 
may prove an indispensable step in the mobilization 
not merely of our scientific resources for the wise 
development of these untapped sources of agricultural 
or mineral wealth, but also in securing that wide- 
spread human interest and understanding without 
which no plans for the attack on disease, on ignorance, 
on malnutrition or on poverty can be pushed to a 
successful conclusion. 


TWO GREAT ARCHAOLOGISTS 


Time and Chance 

The Story of Arthur Evans and his Forebears. By 
Joan Evans. Pp. xi+410+15 plates. (London, 
New York and Toronto: Longmans, Green & Co., 
Ltd., 1943.) 2le. net. 


HIS is rather the saga of a family than a bio- 

graphy of an individual. Out of a genealogical 
welter (considerately illuminated by two family trees 
on the end-papers) of Evanses, Dickinsons, Grovers, 
de Brissacs, and several other families, there emerges 
first the Rev. Arthur Benoni Evans, a somewhat 
ineffective schoolmaster with artistic tastes, and an 
incipient collector of coins; then John Evans, who 
combined great efficiency in his Uncle Dickinson’s 
paper-making business with first-class pioneer work 
in palzolithic archezology and in numismatics ; and 
thirdly, Arthur Evans, whose career as an amateur 
insurgent in Dalmatia and an omnivorous collector 
in many fields culminated in a blaze of glory as the 
discoverer of the ancient civilization of Minoan Crete. 
Along with these there are sketches of Anne (Dickin- 
son), the capable wife who saved Arthur Benoni’s 
ramshackle career from disaster; of John Evans’ 
three wives, and his brother Sebastian, ‘‘impecunious, 
versatile, and happy”, who took after his father in 
lack of practical effectiveness but achieved some 
reputation by his translation of the “High History of 
the Holy Grail’; and of Arthur’s brother, Lewis, 
whose fine collection of mathematical instruments 
adorns the Old Ashmolean building at Oxford. All 
these characters are admirably handled by Miss 
Evans, with a lightness of touch and a flavour of 
humour which commend and set off her mastery of 
her material. 

The two outstanding figures, however, are, of 
course, John and Arthur, father and son, alike in 
their taste for antiquities, and in a flair in collecting 
which amounted almost to genius; but unlike in 
temperament and career. John worked hard in his 
somewhat unsympathetic uncle’s business, earned 
wealth, position, and a high reputation as a forceful 
member of countless committees and councils ; and, 
as a sideshow, took a leading part in the earliest dis- 
coveries of palexolithic man, was a first-rate numis- 
matist, became president of the Society of Antiquaries, 
the Numismatic Society, and the Geological Society, 
vice-president of the Royal Society, and a trustee of 
the British Museum, and filled his house with collec- 
tions of all sorts of beautiful and interesting objects. 

Arthur was far less a man of business, was some- 
thing of a rolling stone and strongly individualist, 
but equally a born collector and an archzologist gifted 
with singular insight and initiative. After a fairly 
successful career at Harrow, where he got prizes for 
Greek epigrams, English essay, and English verse, 
but made few friends, and a first class in history at 
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Brasenose, which failed to lead to a fellowship, he 
started in 1871 to explore Europe. He was financed 
by his father, and at no time troubled himself much 
about earning money, though he was glad to make 
something by contributions to the Manchester 
Guardian. From the first his affections were won 
by Dalmatia. He set his heart on Ragusa as a 
residence, visited the Balkans every year, and when 
in 1878 he married Margaret, daughter of E. A. 
Freeman, he almost immediately took her out there. 
Since 1875 he had been up to the eyes in Balkan 
politics, then exceptionally (even for them) perturbed. 
He was actively engaged in fomenting insurrections 
against Turks and Austrians, and writing fervid 
letters to the Press to denounce the oppressors. 
This was in the long run too much even for the 
comparatively easy-going Austrians (if the Prussians 
had been administering Herzegovina, it would 
probably have led to a firing party), and it ended in 
seven weeks’ imprisonment at Ragusa in March— 
April, 1882, and a decree of expulsion from Austria. 
(It was currently reported in Oxford at the time that 
he was liable to be shot at sight if he set foot in the 
country again.) 

Evans did not enjoy imprisonment, and thenceforth 
(apart from a somewhat farcical episode in 1909, 
when for a few months he was a Liberal candidate for 
the representation of the University in Parliament) 
he turned from politics to archexology. He pitched 
his tent in Oxford, and in 1884, by good fortune, the 
keepership of the Ashmolean fell vacant, and he was 
elected to it. Here was an opportunity, and Evans 
was the man for it. Archeology to him meant a 
great deal more than classical Greek art. The Ash- 
molean needed overhauling from top to toe; he saw 
his way to making it a first-class museum of arche- 
ology, and (not without friction and combat and 
some hard words) he made itso. The new Ashmolean, 
now one of the first archxological museums in Great 
Britain, is very largely Evans’ work. 

But Oxford was not wholly congenial to him ; and 
a greater opportunity awaited him. Miss Evans 
makes a good deal of play with the phrase, “Time and 
Chance’; but in truth ‘the Hour and the Man’ would 
be more appropriate. So it had been with the 
Ashmolean ; but in 1897 the hour was that of the 
liberation of Crete from Turkish control, and the con- 
sequent possibility of excavation there; and the 
man was Evans. For some years he had had his 
eye on Crete. He divined that there was something 
to be found there; and he found more than he 
divined. He went to find writings in an unknown 
script, of which he had seen specimens on some seals ; 
and he found a kingdom, the kingdom of Minos, the 
predecessor of Mycenae, and the earliest phase of 
Hellenic or proto-Hellenic culture. 

This is not the place to retell the story of the 
excavation of Knossos. In 1908 Evans inherited 
the properties of his father and his cousin, Tom 
Dickinson, and thenceforth he was a wealthy man, 
and able to carry out his work in his own way. 
What he made of it is to be seen at Knossos (if it 
escapes the hands of the vandals), and is recorded in 
the seven sumptuous volumes of “The Palace of 
Minos’’. Not until 1935 did he finally leave Crete, 
to pass the final years of his life at the house he had 
built on Boars Hill. Here, in 1941, his ninetieth 
birthday was celebrated by a deputation from the 
Hellenic Society; and here, three days later, he 
died, full of years, riches, and honour. 

Mise Evans is to be thanked and congratulated for 
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the manner in which she has told the story of the 
family, of which she is herself not the least distin. 


guished member. F. G. Ken voy, 


MICRO-ORGANISMS IN EVERY. 
DAY LIFE 


a vohialegy and Man 
Being an Account of the Diverse Properties and 
Characteristics of Micro-organisms, a Description of 
the Various Tools and Techniques for their Hi ndling. 
and an Inquiry into their Subtle Relationships to 
Everyday Life. By Prof. Jorgen Birkelan:. ‘ 
x+478. (Baltimore, Md.: Williams and Wilkins (o, . 
London: Bailliére, Tindall and Cox, 1942.) 22s. 
HIS book covers a very wide field, and appears 
to have been written with the definite purpose 
of attempting to serve as a basis for an understanding 
of the part played by micro-organisms in everyday 
life. It is divided into sections dealing with the 
fundamentals of microbiology, infection and resist. 
ance, common infectious diseases and the micro. 
biology of food, milk, water, sewage and soils. While 
it is too technical even for the instructed layman and 
too diffuse for the student of specialized disciplines 
in this extensive field, it is, nevertheless, a most 
readable and informative book, which should serve to 
stimulate the student’s interest and perhaps help him 
to decide the trend of his future studies. If the book 
falls into the hands of the non-technical reader the 
extensive glossary of terms employed will be found 
extremely helpful; but his subsequent reading 
would have been much assisted if even a short 
bibliography had been appended. 

There are some notable omissions from the text. In 
the discussion on cholera, for example, there is no 
mention of the serological grouping of vibrios, 
including the “‘El Tor’’ vibrios, differentiating the 
Inaba type from related strains; the serological 
classification of the Flexner dysentery group is 
passed over in silence, and in the reference to the 
Weil-Felix phenomenon no account is given of the 
part played by the ‘Kingsbury’ strain of Proteus 
(Proteus XK) in the serological diagnosis of mite- 
borne typhus (Tsutsugamushi and scrub typhus). 
The statement that all members of the genus Coryne- 
bacterium are parasites and are found closely asso- 
ciated with the skin of man or animals cannot pass 
without’ comment. Not only are several species 
implicated in phytopathogenic conditions (for ex- 
ample, C. michaganense, the cause of bacterial 
cancer of tomatoes), but the researches of H. L. 
Jensen have shown corynebacteria also exist as soil 
saprophytes. ae 

Following the lead of Bergey’s ‘“Manual’’, the 
author places Salmonella sanguinarum in the genus 
“Shigella”, although it is serologically identical with, 
and culturally similar to, Salmonella pullorum, and is 
included in the genus Salmonella by the Salmonella 
Sub-committee of the Nomenclature Committee of 
the International Association of Microbiologists. 

It is unfortunate that there are many printer’s 
errors in the text. To cite a few examples, Brucella 
abortis is given for Brucella abortus, Pasteurella 
tularense for Pasteurella tularensis, Streptococcus 
scarlatina for Streptococcus scarlatine, and Salmonella 
abortus avi for Salmonella abortus ovis; also in the 
names of authorities, Ogston, Kitasato, Muckenfuss 
and Vasco da Gama are misspelled. The discoveret 
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of the causal organism of Malta fever (Brucella mels- 
tensis) is said to be Sir Robert Bruce and not Sir 
David. Here is a possible confusion with Robert the 
Bruce, whose field work, so tradition relates, was 
concerned with fundamental! studies on the habits of 
the Arachnide and not with micro-organisms ! 

Some of the historical notes are most entertaining 
and do much to enliven the pages of Prof. Birkeland's 
volume. One feels, however, that the author is 
happiest in the concluding chapters of his book, 
dealing with microbiology of food, milk, water, 
sewage and soils. The chapters on microbiology and 
water and on sewage reach a high standard of clarity 
and excellence. R, Sr. Jonun-Brooxs. 


ENGINE RESEARCH 
The Chemical Background for Engine Research 


Edited by R. E. Burk and Oliver Grummitt. 
(Frontiers in Chemistry, Vol. 2, published under the 
auspices of Western Reserve University.) Pp. xii+ 
297. (New York: Interscience Publishers, Inc. ; 
London: Imperia Book Co., Ltd., 1943.) 


N recent years increasing attention has been paid 

to ways and means of keeping students and 
industrial scientific workers abreast of advances in 
those branches of fundamental research which have 
an application to their work ; and facilities are now 
available which, although still imperfect, have gone 
a long way to meet the requirement. The publication 
of classified abstracts, for example, is an essential 
service to this end, the value of which is unquestioned. 
In addition, the compilation of progress reports and 
special monographs affords a means of supplementing 
the abstracts by periodic critical reviews of con- 
temporary work. It is thus possible, in most in- 
stances, to obtain a reasonably comprehensive 
account of the present state of knowledge in any 
particular branch of science without a laborious 
search through the literature. 

The volume under review represents a contribution 
to the latter category of publications. It originates 
in a project sponsored by Western Reserve University 
for bringing graduates into personal touch with 
groups of distinguished workers in selected fields, to 
hear first-hand of the researches in progress and of 
the directions in which significant advances are being 
made. The lectures given by the various groups are 
afterwards published in a series entitled “Frontiers 
in Chemistry”. Two volumes have appeared so far 
entitled, respectively, “The Chemistry of Large 
Molecules” and ““The Chemical Background of Engine 
Research’’. 

The six contributors to the latter volume, E. F. 
Fiock, F. D. Rossini, F. C. Whitmore, G. von Elbe, 
B. Lewis and O. Beeck, are well known in Great 
Britain for their pioneer work on the physical and 
chemical properties of hydrocarbon fuels generally 
and on the internal combustion engine, and their 
considered views on engine research therefore con- 
stitute an important contribution to the literature of 
the subject. The scope of the lectures is compre- 
hensive, and includes methods of synthesis of complex 
hydrocarbons, a clear summary of their combustion 
characteristics, recent theories of combustion, chemi- 
cal thermodynamics of hydrocarbons and physico- 
chemical aspects of lubrication. To the student of 
combustion the lectures by Fiock, von Elbe and 


NATURE 


675 


Lewis are of particular interest in that they assemble 
all the relevant experimental data relating to the 
oxidation of hydrogen and the simpler hydrocarbons 
and proceed to show how the observed phenomena 
may be fitted into a general theory of eombustion. 
The result is not entirely satisfactory. Indeed, Fiock, 
in his second lecture, states “. . . it may truthfully 
be said that not a great deal is actually known of the 
highly complex mechanism by which the chemical 
energy latent in the combustible mixture is trans- 
formed into usable mechanical energy”; and the 
reader will probably come to the same conclusion. 

The shortcomings of the theory, outlined in von 
Elbe’s contribution, arise partly from the fact that 
in no single instance have the combustion charac- 
teristics of a hydrocarbon been determined experi- 
mentally over the full range of reacting mixtures, and 
partly owing to a tendency to cling to the simple 
mechanical analogy which came into vogue in the 
early days of the atomic and kinetic theories, 

In considering any mechanisms for combustion, it 
is necessary to distinguish clearly between ascertained 
fact and surmise. Experiment in general only gives 
information as to the identity of stabilized products 
which survive when a reacting medium is suddenly 
chilled; it gives no accurate data as to the in- 
stantaneous composition of the medium at any stage 
of the combustion. In consequence, kinetie data 
based upon chemical analysis or observations of 
changes in pressure are difficult to inferpret save in 
the case of slow reactions between simple molecules, 
There is, however, strong evidence that combustion 
processes involve, in many instances, an orderly 
interchange of energy of a specific kind represented 
in the mechanieal analogy by the links of chains, 
either single or branched ; and to account for the 
kinetie data it is now customary to identify the 
chains with the formation of free radicals by the 
initial dissociation of the reacting molecules, and 
their subsequent interaction with other radicals, 
atoms or molecules in a series of elementary chemical] 
reactions. 

As to the composition or even the existence of free 
radicals in such circumstances, experiment tells us 
little. Indeed, von Elbe points out that in the case 
of any particular hydrocarbon “the reactions con- 
sidered to be of consequence are selected because by 
means of the kinetic theory of gas reactions they 
yield equations which, after introducing certain 
numerical values, correctly deseribe the dependence 
of explosion limits and reaction rates on the experi- 
mental variables pressure, temperature, vessel dia- 
meter, mixture composition, and nature of the 
surface ; and because no alternative, or at least no 
plausible alternative schemes yield the correct 
relation. There is no method known by which the 
individual chain-carrier reactions may be studied 
independent of each other’’. 

It will be clear from the above that much explora- 
tory work of a fundamental character yet remains 
to be done before a generally acceptable theory of 
combustion can be formulated. 

In conclusion, it may be well to remove the impres- 
sion that the lectures deal solely with the more 
recondite aspects of combustion theory. They have, 
in fact, a strong practical trend, and give adequate 
emphasis to experimental methods and to such 
important factors as engine ‘knock’ and lubrication. 
The book is well illustrated, and useful bibliographies 
are given by each contributor. 

D. M. Newrrr. 
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OPTICAL TOPICS IN PART 
CONNECTED WITH 
CHARLES PARSONS” 


By Tue Richt Hon. Lorno RAYLEIGH, F.R.S. 
The Parsons Family, and Parabolic Mirrors 
ee have belonged to a type peculiarly British. 

V 


Ve have been called a nation of amateurs, and 
probably most Englishmen when they repeat the 
phrase do so not altogether without complacency. 
So far as the saying has any definite meaning, I 


think that Parsons’ character and methods of thought 
go to exemplify it. This may seem to some a paradox, 


and no doubt the building of a twenty thousand 


kilowatt turbo-alternator, together with the accom- 
panying technique of drawing office, patent specifica- 
tion, licences to outside manufacturers, and so on, 


seem very far from the 
amateur workshop and its 
atmosphere. But these huge 


machines, on which the in- 
dustrial prosperity of whole 
districts may depend, had 
their prototypes in the con- 
structions of wire, paper, 
cardboard and sealing wax, 
which could be seen on the 
mantelpiece of Parsons’ study 
in Mayfair. What I want to 
convey is that though Parsons 
was thoroughly informed as 
to the conventional pro- 
cedures of engineering, he had 
no superstitious reverence for 
them, and was if anything 
biased in favour of doing 
something different, if there 
was even a possibility that it 
might be an improvement. 
Parsons’ father, the third 
Earl of Rosse (1800-67), was, 
like his son, a man of 
mechanical genius, and it is 
a matter of interest to trace 
the relation between the 
careers of the two men. The portrait of the father, 
in the rooms of the Royal Society, is strongly 
reminiscent of the son as I knew him. The aspect is 
mild and beneficent: and in Charles Parsons’ case 
strangers who, without knowing their man, presumed 
unduly upon it, were apt to receive a rude awakening. 
Lord Rosse’s great telescope of 6-ft. aperture was 
built with only amateur resources and the assistance 
of estate carpenters and workmen from the local 
rustic population taught by himself. The records of 
his work in telescope construction were collected 
and reprinted by his son’, and it is easy to see in 
this volume the hereditary source of Charles Parsons’ 
mechanical genius. The spirit and mentality of the 
son’s work are closely traceable in that of the father. 
Lord Rosse’s great telescope was notable in the 
history of astronomy for the discovery of the spiral 
structure of the extra-galactic nebule ; and, as we 
can now see, there were not a great many other 
problems for which it would have been suitable. 
The great modern reflectors owe their usefulness to 


* Parsons Memorial Lecture delivered before the Physical Soviety 
on October 15. 
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their accurate driving clocks, and to the m 
sensitive plate. In Lord Rosse’s day, thes things 
were still in the womb of the future. I reimembe 
discussing his father’s work with Parsons, and hp» 
expressed the opinion that, given his financig) 
resources, and given the contemporary state of 
development of the mechanical arts, it would «carcely 
have been possible for him to do more. He ‘old me 
that the sum expended was of the order of £10,009, 
This, of course, brought no financial return, nor cap 
it have been expected to do so, in spite of the fact 
that the elder Herschel had made a living by the 
sale of the reflecting telescopes which he constructed. 

Judged by the precedents of those days, anc by the 
then value of money, £10,000 was no doubt a very 
large sum to spend on astronomical equipment, and 
possibly some contemporary critics may have thought 
that the discovery of the spiral structure of the 
nebule was an inadequate return for it. If, however, 
we recall that this discovery was a fundamenta! one 
for the general structure of 
the universe which, broadly 
speaking, is believed to con. 
sist entirely of such nebule 
to the number of perhaps 
10**, we may see things in a 
truer proportion. It may also 
be illuminating to think of the 
cost even of a minor warship 
of to-day, and to compare it 
with the cost of Lord Rosse’s 
telescope. 

Some have perhaps gained 
the impression that Lord 
Rosse’s interest was more in 
the construction of the tele 
scope than in the use of it 
It may be admitted that no 
one who had not been carried 
on by keen interest in the 
mechanical processes would 
have been able to get through 
such a task. On the other 
hand, it would be wrong to 
suppose that the possibilities 
of the completed instrument 
were not adequately made use 
of. Lord Rosse teils us that, 
for a period of seven years after the construction of 
the telescope, few favourable opportunities of 
observing with it were lost. The conditions of use 
were very unlike those of a modern instrument ; for 
it was only maintained fit for use by periodically r- 
polishing the speculum metal mirror, which required 
a skill comparable with that of the original figuring. 

It is not perhaps over-fanciful to suggest that 
Lord Rosse’s telescope bore the same kind of relation 
to the great telescopes of to-day that the three-decker 
of his day bcre to the modern ocean steamship. In 
each case the machine was effective for its purpose 
and could do wonderful things in skilled hands. 
Ropes, chains, pulley blocks, carpentry and _ black- 
smith’s work took the place of precision engineering. 
Far inferior mechanical resources were available for 
the construction, and far more was demanded in the 
way of personal skill and muscular effort from the 
user. This is the rule of progress. No thoughtful 
person considers that the effort represented by the 
obsolete machines was wasted, for they were neces- 
sary steps on the road. The results obtained with 
them gave the needed stimulus for fresh efforts by ® 
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later generation, and brought into view the problems 
which remained to be faced. 

The modern telescopes of to-day are among the 
highest developments of precision engineering. In 
Lord Rosse’s day precision engineering as we know 
it scarcely existed ; indeed, the word itself was of 
comparatively recent origin, those of the craft still 
being often called millwrights. Lord Rosse belonged 
to the transitional period when modern precision 
engineering was in the process of birth, and among 
his friends were some of the main contributors to it ; 
for example, Charles Babbage (1790-1870), whose 
calculating machine, though never completed and 
representing much wasted intellectual effort, was the 
means of greatly raising the standards of precision in 
mechanical construction. 

The records of Lord Rosse’s work on telescope 
construction, some of which were not very accessible, 
were collected and reprinted by his son towards the 
end of the latter’s life, and those who knew Charles 
Parsons can easily trace in the volume the hereditary 
sources of his mechanical genius. The same spirit 
and mentality pervades both. Neither of them had 
much literary gift, and their titanic achievements are 
described in a matter-of-fact style designed simply 
to tell what they have to tell without any desire to 
make a fine story of it. I recall many years ago that 
Charles Parsons, in giving me a copy of “The 
Evolution of the Parsons Steam Turbine’, by 
Alexander Richardson’, said, in a half-apologetic 
way, “It is rather a florid sort of a thing’. Looking 
at the book again, I do not think it is, in fact, open 
to this criticism. All that can fairly be said is that 
Parsons’ mechanical triumphs are described by 
Richardson in a style not quite so reserved as 
Parsons’ own. 

Charles Parsons can have had comparatively little 
opportunity of learning directly from his father, who 
died when he was only thirteen years of age. The 
astronomical and mechanical traditions of the family 
were carried over the intervening period by Charles 
Parsons’ elder brother, the fourth Earl of Rosse 
(1840-1908), who, though not perhaps possessing 
quite the tenacity of purpose of his father or of his 
younger brother, had a considerable measure of the 
same kind of gifts. He was best known for his 
observations on the radiant heat of the moon. 

Lord Rosse’s great interest in the problems of 
optical construction was fully inherited by his 
younger son, Charles Algernon Parsons. The most 
practical fruit of these researches was in the manu- 
facture of searchlight mirrors. He developed a 
method of making these which, from the scientific 
point of view, was an interesting new departure and 
which moreover proved a commercial success, though 
it has been overshadowed by his work in other fields. 

The idea of using the electric arc for a searchlight 
goes back to days before the development of the 
dynamo machine, when a large number of Grove 
cells was the source of current ; and there are indica- 
tions in the literature that inventors were at work 
from that time on. The concave mirror necessary for 
throwing out a parallel beam may be made of metal 
or of glass. Metal was used in some early projectors 
by Siemens, and it was readily shaped into a deep 
parabolic form by spinning or otherwise. The surface 
was gilded. Metalsearchlight mirrors, though occasion- 
ally revived, are now almost obsolete, at any rate in 
Great Britain, owing to the inferiority of reflecting 
power, and the difficulty of maintaining it good under 
service conditions. In this respect, silver under glass 
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is far superior, but to make a deep mirror of glass 
and of accurate parabolic form at a reasonable price 
was a matter of no small difficulty. 

Convex and concave spherical mirrors of glass 
silvered at the back were no novelty. They were 
used as ornaments from a very early time. Thus, in 
Van Eyck’s portrait of Jan Arnolfini and his wife in 
the National Gallery, painted in 1434, a convex 
mirror hanging from the wall reflects the contents of 
the room. Large mirrors of this kind became fashion- 
able as ornamental furnishings towards the close of 
the eighteenth century. There is a fine example 
mounted as a convex mirror in the library of the 
Royal Institution. The diameter is 28 in., and it is 
‘silvered’ with amalgam on the concave side. This 
mirror can be seen in the well-known engraving of a 
group of leading scientific men of the day gathered 
in the same room in the year 1807. 

Such mirrors were and are given their preliminary 
shape by gradually heating up the glass disk, and 
allowing it to sink by gravity into a concave mould 
as soon as the glass becomes soft. They are then 
annealed and after cooling are ground and polished 
with spherical tools, in the same way as lenses are 
ground and polished. 

Such spherical mirrors are, however, of very 
limited use for searchlight work. To get brightness 
it is necessary to take up from the arc a cone of light 
having a large angle and make it parallel. If we 
attempt to take up a cone of, say, 60° by extending 
a shallow spherical mirror of given radius so that it 
becomes deep, the additional light is not sent where 
we want it, but finds its way out laterally, away 
from the axis of the beam. This is the effect called 
spherical aberration, and it soon sets a limit to the 
useful angle of the cone of rays which can be collected 
by a spherical mirror. On the other hand, the 
optician, accustomed to produce accurate spherical 
surfaces of glass by the well-tried and effective 
method of abrading them with circular strokes on a 
spherical tool, is reluctant to abandon the spherical 
form. In 1874, Col. Mangin, of the French Engineers, 
devised an ingenious method of extending the useful- 
ness of spherical surfaces. This amounts in effect to 
making the glass into a concave meniscus lens, and 
silvering the back surface. We may regard such an 
arrangement as a concave spherical mirror covered 
with a concave meniscus lens. Remembering that 
the parabolic form is the ideal, it is evident that the 
outer zones of a spherical mirror tend to converge 
the rays too much compared with the inner zones. 
The superposed zone of the concave lens tends to 
diverge the rays and with increasing effect in the 
outer zones. By a suitable choice of curvatures these 
effects can be made very nearly to compensate one 
another, provided that too deep a mirror is not 
aimed at. In this way the spherical aberration is 
corrected, while the constructional advantage of 
spherical surfaces are retaine7. 

Such is the nature of Mangin’s invention, which in 
its day was extensively used, and especially in France 
from about 1882 until 1921. Parsons is said to have 
regarded it with some favour, though I do not 
remember to have heard him on the subject. These 
mirrors were, however, expensive to make, and the 
necessary thick edges made them heavy and liable 
to crack with the heat of the arc. The principle did 
not admit of a very favourable ratio of aperture to 
focal length, and this ratio did not usually much 
exceed unity. 

So far we have only considered spherical glass 
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mirrors, and previous to 1886 no other glass search- 
light mirror had been made. The meehanical problem 
of making a parabolic searchlight mirror of deep 
curvature has of course little in common with the 
problem of parabolizing a telescope mirror, which is 
of such shallow curvature that the parabolic form 
can be derived from the spherical by local polishing 
towards the middle. 

Charles Parsons appears to have turned his atten- 
tion to searchlight mirrors so early as 1886, when he 
was with the firm of Clarke, Chapman, Parsons & 
Co. He was probably led to do so by the family 
tradition of making reflecting telescopes, but it must 
be remembered that he was also concerned with the 
manufacture of electric lamps. He devised a method 
of making good parabolic mirrors of silvered glass at 
a cost which was not too great. This method had 
many points of novelty and was kept a close secret 
for years, only a few trusted employees in the Heaton 
Works and a few personal friends of Charles Parsons 
being privy to it. However, as in all such cases, it 
leaked out in the end, and after the War of 1914—18, 
when the demand for searchlight mirrors had for the 
time fallen to a very low ebb, it had become widely 
known, and Parsons told me that he no longer 
regarded it as a secret. 

This method so far resembled the old traditional 
method of making convex and concave spherical 
mirrors already mentioned, that the flat glass 
was bent into a curved form by moulding from a flat 
disk at the lowest temperature which will make it 
plastic. I am inclined to think from the way Parsons 
spoke to me that he had re-invented this 
and did not realize, any more than I did myself, that 
in its cruder form it was an old one. There is not 
much, if anything, to be found about it in print, 
either in its old or its newer form. Patsons’ improve- 
ments consisted in using a disk of plate glass, already 
ground and polished to flat surfaces, and pressing 
it between cast iron moulds or formers, accurately 
turned to a paraboloidal surface. In a later improve- 
ment the concave former was alone used, and the 
softened glass was brought into close contact by 
applying a vacuum through a small hole in the metal. 
After annealing in a gas-heated oven, the surface was 
fine-ground and polished a second time. Since the 
surface was now paraboloidal, this could only be done 
by spherical grinding and polishing tools of small 
size. These tools could only be an approximate fit 
for the local curvature of the paraboloid, but the 
polisher, being of felt, had sorme power of adaptation 
to the surface on which it rested. 

A process of this kind could not, of course, produce 
an absolutely certain result, and each finished mirror 
was tested optically with the help of a collimating 
lens, by determining the focal length of each separate 
zone, screened off from the remainder. This resulted 
in a certain percentage of rejections. 

One of these mirrors in a wooden frame, which 
formerly hung on the staircase of Parsons’ country 
house, Ray, near Kirkwhelpington, Northumberland, 
if now in my possession. It is of plate glass, } in. 
thick. The diameter is 24 in. and the focal length 
17} in. The depth of the concavity is more than 3 in. 

Much larger mirrors than this one were made, up 
to 7 ft. in diameter. Even the 2-ft. mirror, taken 
out into the sunlight and used as a burning glass, 
will readily set a large log of green wood on fire. 

About the same time that Parsons developed his 
method of making parabolic mirrors, the firm of 
Schuckert in Germany was attacking the same 
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Parsons’ 2-¥T. PARABOLOIDAL MIRROR USED AS A BURNING 
@LASS. 


problem in a different, but in some respects a more 
obvious, way. They, too, probably moulded the 
glass approximately to the desired shape. Their 
subsequent process amounted in effect to turning the 
glass on a vertical lathe, the lathe tool being a small 
rotatory grinder, and the motion transverse to the 
lathe axis being guided by mechanism which caused 
the small rotatory grinder to follow the desired 
parabolic path. There is little or no information 
available in Great Britain beyond the meagre accounts 
given in patent specifications, and only those with 
practical experience of both could fully decide the 
relative merits of this process and the process of 
Parsons. The criterion of cheapness in the finished 
product was very much in favour of the latter, and 
if I judge rightly it will probably appeal to most 
engineers as the more mechanical method of the two. 
In either way the parabolic form is attained by 
turning on a lathe, guided by suitable mechanism, 
but while Parsons did this operation once for all on 
the metal former, Schuckert did it on the glass for 
each individual mirror. So far as the results go, it 
appears that the necessary accuracy of figure can be 
attained by either method. This accuracy is, of 
course, of an altogether lower order than is necessary 
for telescope mirrors, where the figure must not 
depart from the paraboloid by more than a fraction 
of a wave-length at any place. 

The Mangin mirrors, which were necessarily thick 
at the edges, were probably made by grinding out 
the concavity, but they were very expensive. 

To make a thin paraboloidal mirror of deep curva- 
ture out of a solid disk by grinding the material away 
would be a barbarous proceeding; like whittling 
away a large tree trunk in order to make the shaft 
of a spear, as the Australian aborigines are said to 
have done. Owing to the depth of curvature, the 
difference between the spherical and the parabolic 
form is too great to be attained by the tentative 
methods used for parabolizing reflecting telescopes. 
If glass is to be used at all in place of metal, we are 

‘tically limited to moulding it while soft, as 
arsons did. It is not, perhaps, certain that he was 
the first to produce an approximate parabolic form 
in this way. What he certainly did do was to carry 
out this moulding process with the greatest possible 
accuracy, and to use the parabolic form thus produced 
to guide the subsequent operation of fine grinding 
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and polishing. This feature appears to have been 
entirely new. It was not patented, and he kept it 
secret as long as he could, probably judging that a 
more effective protection would be obtained in this 
way*. 

During the later years of his life, Parsons became 
keenly interested in the production of large glass 
disks for reflecting and refracting telescopes. In the 
case of reflectors, he had a number of original ideas, 
and his mind was full of the subject right up to the 
day of his death. 

As it seemed to me, he regarded Heaton Works, 
of which he was practically the sole owner, partly 
indeed as a money-making concern, but also largely 
as a source of personal pleasure, and a place where 
interesting and amusing large-scale experiments could 
be tried. The attitude was rather that of progressive 
landowners like Coke of Norfolk early in the nine- 
teenth century towards their estates and farms. 
Parsons’ successors, who had to consider their share- 
holders, could not carry on in this spirit and had to 
abandon experimental projects which were liable to 
fail, and which in any event did not hold out the hope 
of large profits. The result was that this epoch of 
bold experiments in the field of telescope-making at 
Heaton ended with Parsons’ death, many projects of 
some promise having to be abandoned. One or two of 
them may be mentioned. Thus, in the case of 
reflecting telescopes, the problem was to make disks 
large enough for the projected 74.in. mirror for the 
University of Toronto and the 200-in. mirror for the 
Carnegie Institution. No definite orders had been 
received for these, but the chance of receiving the 
order naturally depended on the proof of ability to 
carry it out. 

The largest glass mirror than existing was the 
100-in. of the Mt. Wilson Observatory, which is 
13 in. thick and was made from a disk supplied by 
the St. Gobain Plate Glass Company. This had only 
been produced with difficulty, and Parsons looked 
round for some easier method than that of casting 
the mirror at one operation. He reflected that there 
would be no difficulty in cutting disks of this diameter 
and of moderate thickness from commercial plate 
glass. Could not a number of such disks, carefully 
cleaned and placed in a pile, be fused together at a 
moderate heat ? We may recognize here a certain 
kinship to the general line of thought which had led 
to his method of making parabolic mirrors, again by 
the use of moderate heat. A number of trials were 
made on @ comparatively small scale, and some of 
them were successful. Thus, for example, four 
circles of }-in. plate glass, 17 in. in diameter, were 
united into a single disk 3 in. thick, by heating to 
650° C, 

These experiments suggested another idea. A 
cellular glass disk is, of course, much lighter than a 
solid one, and is not necessarily much less rigid. The 
fusion method seemed to lend itself to this, and was 
tried with some success. In one experiment two 
circles of }-in. plate glass 12 in. in diameter, separated 
by a layer 1} in. thick of granulated glass, were 


*In o pemoiiet entitled ““The Theory of Searchlights” (anonymous) 
published by H.M. Stationery Office on behalf of the War Office in 
1935, it is stated that 

“The first practical reflectors of paraboloid shape were made by 
Messrs. Chance who pressed the glass into shape without grinding the 
surface. These were inferior to the Mangin type.” 

This, if correct, would be the nearest a h to an anticipation 
of Parsons’ invention. I communicated with Messrs. Chance, but their 
director of research, Dr. W. M. Hampton, who kindly looked into 
the matter, was unable to find any evidence that they had made 
parabolic mirrors in this way previous to 1935. 
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heated to 650° as before. The whole became welded 
into a coherent disk, which behaved satisfactorily. 
Larger experiments of the same kind were made, but 
without full success. It is not clear, however, that 
the limitations of the method (if any) were estab- 
lished. 

In spite of these fairly encouraging results, Parsons 
seems ultimately to have preferred a rather different 
method. In one experiment he used three disks of 
optical flint glass 9} in. in diameter by 1 in. thick, the 
adjoining faces having been previously ground flat 
and polished. This assembly was raised to fusing 
temperature and flowed out into a disk about 11} in. 
in diameter and 2 in. thick. This appeared to be to 
all intents and purposes a solid disk. It seems that 
this experiment gave a satisfaction and confidence 
that the other experiments had not given. It was 
Parsons’ intention to make the 76-in. disk for the 
Toronto reflector by this method, but owing to his 
death and its financial repercussions the work was 
not carried out, and the Toronto mirror was 
ultimately made of Pyrex glass by the Corning 
Glass Co. of New York. It was, however, ground 
and polished at Heaton. 


Newton and the Dark Lines of 
the Solar Spectrum 

I have tried to recall, as was fitting, something of 
the history and spirit of one part at least of Charles 
Parsons’ activities*. I turn now to another optical 
topic which has no direct connexion with him, and 
which is scientific rather than practical. If he were 
still with us it would without doubt have found in 
him a sympathetic listener. 

Telescopes and spectroscopes, as we ordinarily 
know them, depend upon the use of lenses, and as 
the subject is usually expounded, it might seem that 
lenses were of the essence of these instruments. My 
thesis will be that it is not so, and that a telescope 
or spectroscope of fair performance can be set up 
without the use of lenses. The foundation is in work 
done by my father before I was born. I hope to be 
able to add a few points to it. 

In preparing an address for the recent Newton 
Teveentenary, the question presented itself: What 
minimum conditions are necessary for observation of 
the Fraunhofer lines in the solar spectrum, and how 
was it that Newton when he examined the solar 
spectrum in 1672 onwards failed to observe them ? 
It may seem that this should be a fairly simple 
question. Several eminent authorities have given 
their opinion upon it, but, as will be shown, they 
have not given a correct answer. This will lead on 
to the question of how far lenses are essential in the 
telescope or the spectroscope. It will be shown that 
a telescope can be constructed without lenses (or 
mirrors) which is fairly adequate for examining the 
degree of ‘solar activity’ as measured by the size and 
number of sunspots. It will be shown further that a 
suitably designed spectroscope with a single prism 
of ordinary flint glass and without lenses will show 
the Fraunhofer lines in the solar spectrum. Naturally, 
in discussing so well worn a theme as the simple 
spectroscope, one can only hope to say anything of 
novelty on a few points. On the other hand, the 
subject is not so specialized as to be overgrown with 
refinements which appeal only to the few. 


*I gave =a personal recollections of him in a paper which was 
tinted as an introduction to ‘Scientific Papers and Addresses of the 
on. Sir Charlies A. Parsons”, edited by the Hon. G. L. Parsons 

(Cambridge, 1934). 
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The first experiments on the spectrum which 
Newton described in the Philosophical Transactions 
in 1672 and afterwards in his “Optics” were made 
by passing a beam of sunlight which came from a 
small hole in the shutter through a prism placed 
close to the hole, the spectrum being received on the 
opposite wall. He regarded this arrangement as pro- 
ducing a series of images—what are now called 
‘pinhole’ images—of the sun in the various colours, 
though he did not himself use this expression, and 
indeed the hole he used was one third of an inch in 
diameter. Subsequent writers of high authority, 
including Brewster, Helmholtz and Michelson, have 
implied with varying degrees of definiteness that 
Newton made no subsequent improvement on this 
arrangement, and one can only assume that they had 
got their information from second-hand accounts 
without studying the original. 

Brewster, for example, says*: “Had Newton re- 
ceived upon his prism a beam of light transmitted 
through a very narrow aperture [instead of a round 
hole} he would have anticipated Wollaston and 
Fraunhofer in their fine discovery of the lines of the 
prismatic spectrum. In 1802, Dr. Wollaston, by 
transmitting the light of the sky through an aperture 
one-twentieth of an inch in width, discovered six 
fixed dark lines in the spectrum, one in the red, one 
in the orange, one in the blue and one in the violet’’. 

Wollaston, however, did not project the spectrum, 
but observed it subjectively by holding the prism 
to his eye. 

Helmholtz‘ says that Newton did not use the 
methods which are necessary to obtain a complete 
separation of the various rays, and therefore he too 
did not see the Fraunhofer lines in the sunlight. 
Michelson‘ also implies that Newton did not use the 
slit and the focusing lens. 

All these distinguished authors, however, are mis- 
taken upon the point. Newton says*: ‘In the sun’s 
light, let into my darkened chamber through a small 
round hole in my Window-shut, by which the image 
of the hole might be distinctly cast upon a sheet of 
white paper. ...” On p. 49: “Yet instead of the 
circular hole F it is better to substitute a long 
parallelogram with its length parallel to the prism 
ABC. For if this hole be an inch or two long, and 
but a tenth or twentieth part of an inch broad or 
narrower: the Light of the image will be as simple 
as before or simpler, and the image will become 
much broader” [that is, the spectrum lines will be 
longer }. 

Another explanation is given by Kayser’. He says 
that a spectrum 25 cm. long, with a slit width of 
1 mm. as used by Newton, should easily show the 
Fraunhofer lines, and he puts down Newton’s failure 
to observe them to the fact, incidentally mentioned 
by Newton himself, that his prisms were of bad 
quality glass. A prism said, apparently on good 
grounds, to be one of his still survives in the British 
Museum, Department of British and Medieval 
Antiquities*, and it would be of interest to try it, 
but it is not accessible at present. 

In any event, we cannot fully explain the difficulty 
in this way. Newton describes how he made up a 
hollow prism with flat polished surfaces (mirror 

glass) and filled it sometimes with water, sometimes 
with an aqueous solution of “Saccharum saturnii” 
* See Rev. H. T. Inman, “Sir Isaac Newton and one of his Prisms”, 


Privately printed (Oxford, 1927). I have not been able to consult this 
book and should be grat to anyone who could give me the oppor- 


tunity. It does not seem to be in any of the chief libraries. See also 
British Museum Quarterly, 2, 53 (1927-28). 
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(lead acetate) to increase the refraction, or ra‘ ier as 
we should say, the dispersion. I have personal!” been 
able to see the Fraunhofer lines without di vulty 
and at the first trial, using a water prism of 60° angle 
and ordinary size. The rum was projecte: upon 
a screen by a lens of about 10 ft. focus. Al! these 
explanations which have been given of why N:wton 
failed to see them, fall to the ground, because wi hout 
using means superior, or even equal to his, a modern 
observer can readily see them. 

In trying to understand how this happene:!, we 
must remember that the advantage of knowing what 
to look for is not easily over-estimated. Seeing that 
the phenomenon itself observed in this way is not 
very spectacular, the explanation seems adequate, 
It is not intended to depreciate Newton's creat 
experimental skill, which, if I may venture an 
opinion, was equal to that of any man of whom we 
have knowledge. It is perhaps conceivable, after all, 
that he did see the lines, but that not having any 
reason to suspect the great importance of the matter, 
did not feel moved to probe it further, and passed it 
over in his written accounts. 


The Telescope and the Spectroscope without 
Lenses 


The view sometimes expressed that Newton failed 
to see the dark lines of the spectrum because he did 
not use a lens to form an image of his aperture is 
erroneous, because, as we have seen, he did use a lens. 
Nevertheless, the interesting question is raised of 
how good an image can be obtained without a lens. 
We need not introduce the question of prismatic 
dispersion at this stage. Everyone knows that you 
can get an image with a pinhole, but (it is usually 
supposed) not a very good one. My father discussed 
the question of how good an image could in fact be 
got. We are between Scylla and Charybdis in this 
matter. If we make the pinhole too large, we may in 
imagination divide it up into several apertures in 
different positions. Each of these gives an image ina 
different position, and the superposition of these 
produces confusion. If we make the pinhole too small, 
then the image of any one point on the object is 
widened by diffraction, and overlaps the images of 
other points, so that again we have confusion. 
Evidently there must be an optimum size for the 
pinhole. What is that size ? 

In order to see this, it is a good plan to go back to 
the consideration of a lens, focusing a small source on 
a screen. What the lens does is to make the optical 
length from the source to the image the same for 
every path. The geometrical distance is no longer 
for a marginal ray than for a central ray, for the 
former path is bent and the latter straight, but the 
retardation of the light by glass makes up for this, 
and when the lens is in position, the effective distance 
(optical length) is the same for both, and the light 
arrives at the focus in the same phase from every part 
of the aperture. That is the essential function of 4 
focusing lens, and it is only in so far as it does this 
that the lens is effective. 

Now clearly if the aperture is small enough, the 
light will arrive in the same phase at every part of 
the aperture even without a lens. The question is, 
How big can we make it without introducing an 
important difference of phase ? 

“‘Important”’ is, of course, a vague phrase. There 
can be no doubt that complete opposition of phase 
would be important, and certainly we shall harm the 
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definition if we introduce so large a difference of phase 
as this. On the other hand, we must not be too par- 
ticular for the reasons already explained. We must 
allow a fraction, but only a fraction, of a period, and 
the fraction } complies with this, and is justified by 
a closer consideration of the subject than can be 
attempted here. 

If we want good resolving power, we must have 
large aperture, for the definition depends wholly on 
the aperture. The admissible size of aperture is 
determined by the consideration that the marginal 
ray is not to differ in phase from the central ray by 
more than a quarter of a period. This consideration 
alone does not fix the size of aperture, for supposing 
that we have set up the apparatus and find that the 
difference of phase is more than the specified amount 
of a quarter period, we can diminish it either by 
reducing the aperture, or alternatively by going 
farther off. If we go infinitely far away, no aperture of 
finite size is too great, so that in principle we could 
make as large a telescope as we like without an objec- 
tive lens. However, if we attempt more than a very 
modest aperture, we shall find the necessary distance 
impracticable, for it increases as the square of the 
linear aperture. In my case, the distance available 
if the light was admitted at one end of the room was 
19-6 metres ; taking Aas 5 x 10-* cm. the admissible 
aperture 7/2 f i is 0-44 cm. 

An iris diaphragm was placed in the windew shutter, 
and could be adjusted to this aperture. The sun’s 
light was reflected into the aperture and the image 
found of it was received on a sheet of paper 19°6 
metres distant. When there were spots on the sun, 
they could usually be well seen on the paper. It 








PINHOLE PHOTOGRAPH OF THE SUN SHOWING A SUNSPOT. 
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is true that naked-eye sunspots do occur, though 
rarely. But ordinary small spots invisible to direct 
scrutiny, either with or without a dark glass, can 
readily be seen with the pinhole camera described. 
With the camera no dark glass is required*. 

It may be objected that the 0-44 cm. as calculated 
is not much more than the aperture of the eye. This 
is no doubt true when the eye is dark adapted, and 
the iris fully open. But in these circumstances the 
eye by no means gives as good definition as the 
aperture would admit of. For the detection of sun- 
spots at least, the pinhole camera is far superior to 
the unassisted eye. By going fairly close to the image, 
we can easily see it under a visual angle of, say, 20° 
or 30°, whereas the sun viewed directly subtends 
only 34°, so that the magnifying power may be 
40-60 diameters ; but, owing to the small aperture, 
this arrangement must not be expected to show the 
detail usually associated with that magnification. 
Magnification is, of course, no real criterion of what a 
telescope can do, which depends on resolving power. 
So much for the telescope without lenses. 

Now for the spectroscope without lenses. In this 
case, the prism is put about half-way between the 
slit and the screen or photographic plate, and since 


both these distances had to be accommodated within 
the roomt they were necessarily shorter than before. 
A single flint glass prism of 60° angle was used, and 
it was necessary to restrict its horizontal aperture 
to get a definite image of a spectrum line. On the 
other hand, there is no point in restricting the vertical 
aperture. The breadth of the horizontal aperture is 
determined on the same principle as the diameter 
of the simple image-giving hole which we have already 
considered. The distance of slit to prism was 8-55 m., 
and from prism to plate 9-10 m. If the allowable 


a 
phase discrepancy is 7, taking A as 5-78 x 10-* cm. 


(yellow lines of mercury), we get for the admissible 
horizontal aperture 0-226 cm. The prism was put in 
and the aperture adjusted to give the best separation 
of the two yellow lines from a mercury vapour lamp. 
0-21 cm. was too narrow, 0:27 cm. was too broad. 
0-23 was judged best. Thus the expected result is 
closely confirmed. 

The resolving power of a prismatic instrument is: 
governed, according to the principles given by my 

* Even a pinhole camera of half this length, with the aperture- 


appropriately reduced, will show the spote fairly well, and allows the 
whole of the sun's disk to be photographed on a quarter-plate. 


+ 1 did not introduce the complication of using a plane mfrror to 
increase the distance. 
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MERCURY SPECTRUM PHOTOGRAPHED WITHOUT A LENS. 


father*, by the effective thickness of the base of the 
prism, which is supposed to be utilized up to the 
refracting edge. If f is this thickness, the resolving 
power A/d, is given by: 

r du 


da) f da)’ 


where u is the refractive index. The value of du/d) 
may be taken as about 1,000 cm.~'. In one case with 
horizontal aperture 0-23 cm., it is about 0-4cm., which 
gives A/d) 400 as the theoretical resolving power, 
while for the mercury yellows A/dA 275. The 
resolving power should therefore be very adequate 
to separate them, as experiments confirm. 

To get much greater resolving power with a single 
prism and without a lens would require almost 
unmanageable distances. Thus it can be calculated 
that to resolve the D lines would require that the 
distances from slit to prism and from prism to screen 
should each be about 56 m. If three prisms had been 
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= S mercury would lead us to expect 
2 8 that the Fraunhofer lines could 


SUBORDINATE MAXIMA 
SHOWN IN THE LOWER SPECTROGRAM, WHICH RECRIVED A LONGER EXPOSURE 


be observed with this instriment. 
In fact, they can readily he 
photographed as far as the ( line 
at 6563 in the red. The lines 
are, however, somewhat faint and 
diffuse owing to the low resolving 
power not being very adequate 
in the visual spectrum. They are 
not easily seen on the white 
screen, Owing partly to this but 
more to the inadequate bright 
ness, with the light from the 
original rather short slit greatly 
spread out both vertically and horizontally. The 
lines can be seen better if the distances from the 
prism are reduced, say, to about 200 em. each, and 
the prism aperture readjusted to be somewhat 
narrower. We can then easily see the green line } 
(magnesium triplet) at 5178, and also F at wave. 
length 4861 in the blue-green. But the most striking 
demonstration experiment is to receive the extreme 
violet on a fluorescent screen as used for X-rays 
when the calcium lines H and K at wave-lengths 
3968 and 3934 are very conspicuous, and could not 
possibly escape notice. These lines are broader than 
the more visual lines, and at this part of the spectrum 
the specific dispersion of the glass, and consequently 
the resolving power of the instrument, are mucl 
greater. The instrument is, of course, astigmatic, 
and the aspect of the spectrum, apart from its 
brightness, is in no way altered if a small round hole 
is substituted for the first slit. 

The photographs of the Fraunhofer spectrum 


ARE 





H ? F 
SOLAR SPECTRUM, SHOWING FRAUNHOFER LINES, OBTAINED WITHOUT LENSES. THE UPPER SPECTRUM WAS GIVEN A LONGER EXPOSURE 
TO BRING OUT THE ULTRA-VIOLET. 


used instead of one, then the D lines could have been 
resolved without greater distances than these used 
in my experiments. 

In ordinary spectrograms the subordinate maxima 
bordering on either side the principal maximum of 
each line are very inconspicuous. In the present case 
they are much more obvious, owing to the small 
breadth of the aperture in comparison with the length 
of the beam. A longer photographic exposure is, 
however, desirable to bring them out clearly. The 
subordinate maxima are most conspicuous round the 
green mercury line, which is brighter than the yellow ; 
moreover, the patterns due to the latter partially 
overlap. This photograph will make it clear to the 
eye why linear dispersion is not by itself a measure of 
resolving power. If we reduce the second aperture the 
diffraction pattern dilates and the resolving power 
is diminished, while the dispersion is, of course, 
unaffected. 

The above tests made on the emission spectrum of 


reproduced were on an ordinary (not colour. 
sensitive) plate. The ultra-violet part is shown 
separately because it is best brought out by a longer 
exposure, which fogs out the visual spectrum. The 
distance from the first aperture to the prism was 855 
em. as before, but the distance from the prism to the 
plate was reduced to 152 cm. to get the desired range 
of spectrum on to the plate. The second aperture 
was reduced to suit this diminished distance, but as 
will be seen, the resolving power remains adequate. 


* Rosse, William Parsons, 3rd Earl of, “Scientific Papers’ (Londo 
1926). 


* Richardson, Alexander, “Evolution of the Parsons Steam Turbin 
(London, 1911). 

* Brewster, Sir David, “Life of Newton” (1855), 117. 

* Helmholtz, H. von, Pogg Ann., 87, 45-56 (1852). 

* Michelson, A. A., NaTURE, 88, 377 (1912). 

* Newton, Sir Isaac, “Opticks” (London, Ist ed., 1704), 47. 

’ Kayser, H., “Handbuch der Spectroscopie” (Leipzig, 1900), 1. 4-5 

* Rayleigh, John William Strutt, 3rd Baron, “Scientific Papers 
(1879), 1, 415 and 430. 
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ROBERT KOCH 
FOUNDER OF MODERN BACTERIOLOGY 


HUNDRED years ago, on December 11, 1843, 

A Robert Koch was born. To celebrate his sixtieth 
birthday, his pupils, among whom were Ehrlich, 
Gaffky, Loeffler, Pfeiffer, Fliigge, Gaertner and 
Wassermann, arranged a Festschrift in his honour 
and boldly dedicated it to him as the founder of 
modern bacteriology. A brief review of Koch’s life 
and work will help us to judge whether he is entitled 
to this distinction and to estimate the significance of 
his work in the subsequent evolution of the subject. 
Without doubt the early period of Koch’s career is 
unsurpassed in dramatic interest, for as an unknown 
young practitioner in Wollstein, a little out-of-the- 
way town in Prussia, he carried on his researches, 
unaided and with the simplest equipment, to such 
purpose that in 1876-78 he had published three papers, 
two of which are acknowledged to be classics. He 
showed for the first time that anthrax is an infective 
disease caused by a specific bacillus with well-defined 
characters, and that it is reproducible at will by 
injecting pure cultures into susceptible animals. 
There is little wonder that Cohn, who was then 
professor of botany in Breslau, and Cohnheim, the 
eminent pathologist, both of them keenly interested 
in the fundamental but apparently insoluble problems 
presented by micro-organisms and their relationship 
to disease, were deeply impressed and were generous 
in helping Koch to devote his brilliant gifts to the 
service of humanity. Koch’s researches on anthrax 
were published in 1876 in Cohn’s journal, Beitréige 
zur Biologie der Pflanzen. A master of technique, he 
published a paper in 1877 on his methods. His 
studies on the etiology of wound infections appeared 
in 1878; he showed that, when bacteria in putrid 
fluids are passaged serially through mice or rabbits, 
the pathogenic varieties can be obtained post-mortem 
in pure culture and that the lesions are characteristic 
of the associated bacteria. Koch’s interest in the 
subject doubtless arose from his experiences as an 
army doctor in the Franco-Prussian War (1870-71). 
He gave experimental support in this paper to 
Lister’s antiseptic methods, but was unable from 
lack of clinical material to carry his researches 
further. The answer was soon supplied (1880-83) in 
the remarkable contributions of Alexander Ogston, 
later professor of surgery in the University of Aber- 
deen, who clearly defined the role of the micrococci 
in inflammation, and distinguished between Staphylo- 
coceus, as he named it, and Streptococcus (Billroth). 
A wider field was opened to Koch when, in 1880, 
he was attached to the Imperial Department of 
Health in Berlin, where he worked on methods of 
sterilization and of testing disinfectants. He had 
quickly realized that, until a simple method of 
isolating bacteria in pure culture was evolved, pro- 
gress would be seriously hampered. Methods such as 
Lister’s dilution.procedure were too much influenced 
by chance, and Koch therefore bent his energies 
towards devising a solid medium, finally utilizing 
gelatine, which had previously been employed for the 
culture of fungi, as a solidifying substance ; later, 
agar proved to be more generally useful owing to its 
special properties. He demonstrated his methods of 
obtaining pure cultures at the International Congress 
of Medicine of 1881 in the Physiological Laboratory 
of King’s College, London, with Lister and Pasteur 
in the audience. 
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During the early years in Berlin, Koch was for- 
tunate in his chief assistants, Gaffky and Loeffler, 
who, like himself, were accurate and untiring workers. 
Within ten or twelve years they, with other pupils 
of Koch, discovered the causal agents of many 
important infectious diseases of man. 

Koch’s discovery in 1882 of the tubercle bacillus, 
his proof by animal experimentation with pure 
cultures that it is the cause of tuberculous diseases, 
and his employment in 1890 of tuberculin as a 
diagnostic and therapeutic agent, brought him world- 
wide fame, although the premature publication of 
his work with tuberculin proved, for a time at least, 
to have unfortunate results. Again, in 1900 he raised 
the question of the non-identity of the human and 
bovine types of the tubercle bacillus, and seemed to 
be unduly rash in proclaiming his belief that the 
pathogenic role of the bovine bacillus in man is 
negligible. Nevertheless, the provocative statement 
of his views led to an enormous amount of work on 
the subject in many countries, and perhaps chiefly 
in Great Britain. At the present time, Koch’s old 
tuberculin has proved to be a valuable reagent and 
is still extensively used in both medical and veterinary 
practice. Work on the preparation of a highly 
purified and stable product based on biochemical 
analysis continues. The characters of the human and 
bovine types have now been satisfactorily deter- 
mined, and it is agreed that in some localities the 
bovine type can produce the pulmonary form of 
tuberculosis in a high proportion of cases. The 
problem of the pasteurization of milk for human 
consumption bristles with difficulties of a practical 
kind, but their solution is certain to follow adequate 
and widespread appreciation among the general 
public of the issues that are involved. 

Koch, in spite of his interest in laboratory tech- 
nique, took no narrow view of the implications of 
his work. On the contrary, he well understood that 
his methods were essential as tools, together with the 
observations of the hygienist and the epidemiologist, 
for revealing the obscure paths of infection in out- 
breaks of disease. Thus on November 28, 1902, in 
Berlin he gave an address which serves as a land- 
mark in the history of epidemics of enteric fever. 
His thesis was that the patient or convalescent who 
continues to harbour the specific germ is the chief 
source of the infection. At his instigation specially 
organized laboratories were stationed in the typhoid- 
ridden localities of Germany, with results which led 
to a notable reduction in the incidence of the disease 
and which shed much light on the carrier state. 

Koch pursued his researches in many lands. In 
the years between 1896, at the age of fifty-three, and 
1906, he studied sleeping sickness and malaria in 
Africa, in addition to rinderpest, East Coast fever, 
and piroplasmosis in cattle: in 1883 he had dis- 
covered the cholera vibrio from his investigations in 
Egypt and India; he was the head of the German 
plague commission in India; he worked on malaria 
in Rome ; and he advised on anti-malarial measures 
in New Guinea. This brief statement of the range of 
his activities shows that he was a microbiologist of 
wide experience. 

Much progress has been made in the thirty years 
since Koch’s death on May 27, 1910, and there have 
been new and productive lines of research. Thus the 
related science of immunology has advanced at many 
points; and the participation of chemists and 
physicists in the study of bacterial bionomics, in the 
widest sense of this term, has been a most welcome 
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feature of recent work, and has illuminated many 
hitherto obscure problems in bacterial nutrition and 
bacterial metabolism in general. The fresh edifice 
has been solidly built upon the sound foundations 
that were laid by Robert Koch nearly seventy years 
ago. He was truly a master-builder in the domain 
of science, and it is a sinister and indeed a terrifying 
aspect of the character of the German people that, 
owing to ill-founded racial prejudice, their notorious 
anti-semitic Press should have stooped to disown 
him, on the ground not that he was a Jew—for this he 
was not—but that he was a Judenknecht, who chose 
for his intimates such members of the ‘hated race’ 
as Cohn, Cohnheim, Weigert and Paul Ehrlich. 
Detraction of this kind cannot disturb the estimates 
that have been formed of Koch and his distinguished 
friends and supporters by the rest of the world, 
which owes and will ever continue to owe an immense 
debt of gratitude to these great pioneers of a new 
science. G. F. Perris. 


THE RECENT EARTHQUAKE 
IN TURKEY 
By ERNEST TILLOTSON 


ARLY on November 27, 1943 (local time), another 

very strong earthquake occurred in the region 
east of Ankara between central Anatolia and the 
Black Sea coast. The earthquake caused much 
damage in the towns and villages of Samsun, Osman- 
jik, Tokat, Herek, Ordu, Amasia and Kastamuni. 
1,439 buildings have been reported wrecked and 
1,570 damaged, and damage was done to roads, rail- 
ways and telegraph lines. On November 30 the 
Ankara radio stated that the deaths caused by the 
earthquake numbered 2,919. Many thousands more 
were injured. 

At Istanbul Observatory the pulses were so violent 
that the seismograph was unhinged. At Kew Observa- 
tory on November 26, a very strong earthquake was 
recorded by the north-south, east-west and vertical 
component seismographs. On the vertical component 
the primary wave registered impulsively at 22h. 
26m. 08s. u.T. and a further iP pulse registered 
on all three components at 22h. 26m. 15s. v.T. 
The maximum ground amplitudes at Kew were: on 
the vertical component, 960 » at 22h. 35m. 47s. U.T. 
with a period 25; on the north-south component, 
1040 u at 22h. 42m. 35s. u.T. with a period 24; and 
on the east-west component, 11204 at 22h. 46m. 
13s. u.T. with a period 25. From a preliminary 
interpretation of the seismogram the epicentral 
distance from Kew is estimated to have been 
2,970 km., which’ would be consistent with an epi- 
centre in Anatolia. 

From the above evidence it would appear that the 
epicentre was very close to lat. 41-1° N., long. 35° E.., 
which is north of Qorum and half way between 
Amasya and Kastamanu, and west of the Black Sea 
port of Samsun in Anatolia, Turkey. The time of 
origin of the shock would be near 22h. 20-5m. v.rT. 
on November 26, or 0h. 40-5m. local time on Novem- 
ber 27. It appears that the earthquake may have 
had an epicentral region occasioned by extensive 
faulting rather than a point epicentre; but if, for 
purposes of calculation, it is desired to envisage 4 
point focus, this would seem to have been rather 
deeper than normal. 
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Strong earthquakes have occurred in ths and 
adjoining regions as follow: 330 B.c., Niksar; 4p, 
343, Niksar ; 366, Niksar; 499, Niksar and Amasya; 


1509, Corum; 1754, Sivas; 1826, Erbaa; 1827, 
Tokat; 1875, Niksar, Bereketli ; 1877, Me idiye, 
Cavdar, Ladik, Erbaa, Efte; 1890, Niksar; 1895, 
Cavdar; 1897, Efte; 1899, Erbaa; 1904, §. Kara. 
hisar; 1906, Regadiye; 1908, Alucra ; 19 9, §. 
Karahisar ; 1911, Mesudiye; 1913, Regadiye, Niksar. 
Almus; 1914, Erbaa, Ladik; 1919, Almus; 1937, 


Alucra ; and 1938, Kirgehir. But by far the greateg 
occurred on December 27, 1939, at Erzincan (N «rung, 
January 6, 1940, p. 13). This latest earthquake 
mentioned was the forerunner of numerous other 
smaller shocks which happened throughout the re. 
mainder of December 1939 and January 1940), and 
then major ones on April 14, 1940, July 30, 1940, 
September 12, 1941, November 12, 1941, a swarm 
throughout November and December 1941, December 
21, 1942, and on June 20, 1943, at Adapazar when 
1,304 people lost their lives. Most of these have 
been mentioned in the “News and Views” columns 
of Nature, and there have been scores of smaller 
shocks at intermediate times from the same epicentral 
region east and north-east of Ankara. 

The present earthquake, though violent, appears 
to be one of the series which began on December 27, 
1939. It exemplifies a well-established observational 
fact that earthquakes tend to recur in a region once 
affected. Whether this is due to the persistence of 
regional earth-forces and lines of crustal weakness, 
whether it is due to elastic afterworking in the sub- 
crustal layers of the earth, or to the readjustment 
of crustal blocks following a large-scale block-faulting 
movement, is not yet established. One or more of 
these may be important, and in particular cases other 
factors may be fundamental, but whatever the cause, 
it is instructive in view of acknowledged recurrence 
to examine t examples. 

On April 19, 1938, at about 13 hr., an earthquake 
occurred in the region of Kirgehir, a village some 
140 km. south-east of Ankara. The zone most affected 
was between the Delice Irmak in the north-east, the 
Kilig Ozii in the north-west, the route from Kirgehir 
to Ankara in the south-west and the depression formed 
by the Sife G6lii in the south-east*. In thesurrounding 
villages and towns the following percentages of 
houses were destroyed : Aci, 85 per cent ; Efendikéy, 
82 per cent ; Kogbeyli, 82 per cent ; Ceritobasi, 81 per 
cent, and in other villages smaller proportions. The 
epicentral region enclosed within isoseismal 10 was 
elongated from north-west to south-east. The prin- 
cipal permanent movement occurred horizontally 
along a fault, the southerly portion being displaced 
to the north-west relatively to the northerly portion 
for throws ranging from’ 30 to 100 cm. The move- 
ment along this fault of Akpinar is aligned with 
orogenic movement in the region since Mesozoic 
times, but whether the movement was due to dying 
or growing earth-forces is not known. 

The earthquake of December 27, 1939, at 2 hr. 
(Erzincan) which caused the deaths of some 35,000 
people had an epicentral zoné stretching from 
Erzincan to Amasya and from Carsamha to Artova, 
an area roughly rectangular in shape, 360 km. by 
120 km.f. The towns and villages most affected 

* Ed. Paréjas-Hamit N. Pamir, “Le Tremblement de terre du 
19 Avril 1933 en Anatolie central’. Publications de I’Institut de 
Gé plogie de I’ ex 9 Istanbul, No. 5, Nouvelle Série, Février 1940. 
H. Akyol, E. = ~-* “Le tremblement de terre 


or décembre 1939” biications de "Institut de 
Géologie de t Université d’ Istanbul, No. 10, Nouvelle Série, Avril 1942. 
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were Tokat, Samsun, Ordu, Giresun, Sivas and 
Gumushare. In the block-faulting associated with 
this earthquake, four east—west lines were prominent : 
(1) the line of the upper Yesil Irmak; (2) the line 
of the Kelkit—Deligav ; (3) the line of the Yavlas 
and middle Yegil Irmak ; (4) the line parallel to the 
Black Sea about 15 km. distant from the shore. 

These lines were in part old orogenic lines, and were 
called into play again to relieve accumulating stress. 
Two distinct earthquake movements were observed 
during this shock. The first was horizontal and the 
latter, separated from the former by a short interval 
of time, had a distinct vertical component. With 
these, but particularly the latter, strong low-pitched 
rumbling sounds were associated. 


OBITUARIES 
Prof. H. L. Lebesgue, For.Mem.R.S. 


Henri Lion Lesescue, professor in the Collége 
de France, a foreign member of the Royal Society 
and an honorary member of the London Mathematical 
Society, was born at Beauvais, Oise, on June 28, 
1875; news of his death during 1941 recently 
reached Great Britain. 

Lebesgue was one of the greatest mathematicians 
of recent times, but more of a specialist than most 
great mathematicians. His work has not the variety 
and versatility of Poincaré’s or Hilbert’s; he did 
not, as they did, enrich almost every branch of 
mathematics with his contributions. He was rather 
aman with one outstanding claim to fame. He had 
other things to his credit; for example, he made 
one important contribution (the P/flastersatz or 
‘pavement theorem’) to topology ; but that, and all 
his secondary work, of which there is not much, is 
overshadowed by his work on integration. There, 
he was first: the ‘Lebesgue integral’ is one of the 
supreme achievements of modern analysis. 

It is no exaggeration to say that Lebesgue remade 
the integral calculus. The theory of functions of 
a real variable, of which the differential and integral 
ealculus are parts, has been rewritten since 1900. 
The revolution had been initiated by Borel, whose 
famous monograph “Legons sur la théorie des 
fonctions” was avowedly the starting point of 
Lebesgue’s researches ; but it was Lebesgue himself 
who took the decisive steps. The older theories of 
integration, in spite of all that Riemann, Darboux 
and others had done, were radically defective at several 
vital points, and in particular in their relations to 
differentiation. It was not true that differentiation 
and integration were ‘usually’ inverse operations, 
that integration and differentiation, or differentia- 
tion and integration, usually restored the original 
function. Indeed the whole theory was exsthetically 
unsatisfying; it tended to be cumbrous, long- 
winded and full of untidy exceptions ; and the con- 
servative mathematicians who detested it had a cer- 
tain amount of excuse for their distaste. 

All this is changed ; the theory is now one of the 
most beautiful in mathematics. It unfolds itself in a 
series of terse and comprehensive theorems, with all 
the smoothness and elegance of the best ‘classical’ 
analysis. In particular, differentiation and integra- 
tion dovetail harmoniously together. It is a readily 
intelligible, almost a ‘popular’ subject, and for this, 
by the unanimous testimony of every worker in 
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these fields, it is to Lebesgue first that honour is due. 
Lebesgue was a fine writer, with an admirably 
vigorous and lucid style. His two great memoirs, 
“Int¢grale, longueur, aire’? (1902) and “Sur les 
intégrales singuliéres’’ (1910), and his two books, 
“Legons sur l’intégration” (1904 and 1928) and 
““Legons sur les séries trigonométriques”’ (1906), rank 
among the classics of mathematical literature. It is 
sad that the second book should never have been 
re-edited, since the subject gives perhaps the finest 
illustration of the inevitability and vitality of 
Lebesgue’s ideas. G. H. Harpy. 






Dr. George Washington Carver 


Dr. GEorRGE WASHINGTON CARVER, the distin- 
guished Negro scientific worker who died at Tuskegee 
Institute, Alabama, on January 5, 1943, was born 
of slave parents at Diamond Grove, Missouri, in 1864. 
He was educated at Minneapolis High School and 
later at Simpson College, Indianola, Iowa. Graduating 
in science at Iowa State College in 1894, he proceeded 
to the M.Sc. two years later. In 1896 he was invited 
by the late Dr. Booker T. Washington to take charge 
of the Department of Agriculture at Tuskegee. He 
discovered on arrival that his duties, apart from 
administration and normal academic lectures, entailed 
the reshaping of the entire economy of the district. 
In fact, he had to conduct mobile classes in the field 
in order to persuade a despairing and ignorant com- 
munity that its only salvation lay in adopting a new 
agrarian economy. The soil, he found, was arid, 
eroded, unproductive, and the system of farming out- 
moded. Every farmer in the region was cultivating 
cotton as a staple crop. Carver's open-air lessons in- 
cluded the cultivation of crops, soil conservation, 
fertilization, insect control, plant pathology, and the 
canning and drying of fruits and vegetables. 

Carver recognized the necessity for introducing the 
peanut, Arachis hypogaea, and the sweet potato, 
Solanum tuberosum dulce, because soil and climatic 
conditions were favourable, and the crops were 
already being grown sporadically for local consump- 
tion by large sections of the community. He realized 
early that the replacement of cotton by peanuts and 
sweet potatoes was not a complete solution, and that 
newer and more extensive uses for them had to be 
found. A long series of chemical experiments culmin- 
ated in the development of face powder, pigments, 
paints, stains and ceramic materials from Alabama 
clays ; milk, buttermilk, cream, cheese, condiments, 
coffee, paper, plastics, stains, insulating boards and 
more than three hundred by-products from peanuts ; 
starch, tapioca, syrup, coconut substitute, break- 
fast food, stains, artificial rubber, vinegar and paste 
from sweet potatoes; paving blocks, insulating 
boards, rugs, and cord ge from cotton. Pe nut milk is 
now being extensively used in infant clinics in areas 
of tropical Africa where the tsetse fly is endemic. 

Cerver’s scientific achievements have dwarfed his 
artistic work, but those who have seen his ‘Three 
Peaches” at the Luxembourg, or his “Yucca” at 
Tuskegee, are unanimous in their regret that he had 
not devoted more time to this department of life. 
As a man of science, he tenaciously refused to make 
profits from his inventions and discoveries, and never 
once took out a patent. It was characteristic of him 
to decline Thomas Edison’s invitation to join his 
staff, preferring to work in obscurity among the 
simple folks he had come to know and love so much, 
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During his life-time, more than sixty books, 
periodicals and films were devoted to his life and 
work, and he had delivered addresses at most of the 
leading universities in the States. Carver was 
awarded the Spingarn Medal in 1923 for distinguished 
services to science, and in 1939 he was given the 
Roosevelt Medal for outstanding contributions to 
agriculture. The unique position he won for himself 
in American scientific and social life was marked by 
the Variety Clubs’ award of 1941. This award was 
made by a national nominating committee of thirty- 
four eminent editors, publishers, authors and radio 
commentators, and consisted of a silver plaque com- 
memorating his selection, and an honorarium of 
one thousand dollars in cash “in token of his sublime 
service in restoring a multitude of helpless people 
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to happy and productive life through the instru. 

mentality of his brilliant laboratory researches’. 
Thus grew to maturity and fame, a lad who was 

once traded for a horse ! R. E. G. ARMatTror. 


WE regret to announce the following deaths : 
Dr. H. D. 8S. Honigmann, formerly director of the 


Breslau Zoological Gardens, and recently scientific 
adviser to the Dudley Zoo, on November 17, aged 
fifty-one. 

Mr. Geoffrey H. Livesey, a former president of the 
Royal College of Veterinary Surgeons, and former 


editor of the Veterinary Record, on November 29. 

Prof. James Young, O.B.E., formerly professor of 
science at the Royal Military Academy, Woolwich, 
on December 2, aged eighty-one. 





NEWS and VIEWS 


Physical Society : Duddell Medal Award 


Tue twentieth Duddell Medal has been awarded 
by the Council of the Physical Society to Mr. John 
Guild, of the Light Department of the National 
Physical Laboratory, in recognition of his design of a 
number of optical and physical instruments of out- 
standing merit. Mr. Guild, who was born on Novem- 
ber 16, 1889, was educated at Allan Glen’s School, 
Glasgow, and the Imperial College, London. His 
instruments are noteworthy for their sound mechanical, 
optical and physical design and for the scrupulous 
avoidance of all elaborations that would not con- 
tribute to their final precision and accuracy ; they 
incorporate many features that were novel at the 
time the instruments were developed. The best- 
known and most important of them are, perhaps, his 
spectrophotometer (1924), trichromatic colorimeter 
(1925) and absolute radiometer (1937); but it is 
difficult to select any one instrument as being more 
elegant in design than the others, which include a 
spherometer of precision (1917), a very accurate angle 
comparator for the goniometry of prisms (1923), a 
flicker photometer (1923), a vector colorimeter (1925), 
an improved goniometric spectrometer (in collabora- 
tion with the late Mr. George Watts, 1926), a com- 
pensated thermopile (1931) and a new instrument 
for evaluating the surface finish of metals (1940). 
The Medal will be presented to Mr. Guild at a meeting 
of the Physical Society at the Imperial College on 
December 17. 


Chair of Geology, Durham : Prof. L. R. Wager 


Dr. L. R. Wager, whose appointment to the chair 
of geology at Durham has been announced, takes 
with him a distinguished record as a petrologist, an 
explorer and a mountaineer. Since 1929 he has been 
lecturer in petrology in the University of Reading, 
where the efficiency of that section of the Geological 
Department owes much to his vigorous enthusiasm. 
While still at Cambridge he had given a foretaste of 
his ability as a research student in a series of papers 
on the Whin Sill and part of Connemara. In 1930 
he was granted leave to take part in the British 
Arctic Air Route Expedition to East Greenland, 
where he made preliminary studies of a peculiarly 
interesting suite of igneous rocks. In 1933 he was 
released again to act as one of the climbing party on 
that year’s expedition to Mount Everest. He took 
part in the first assault, reaching as great a height 


as has yet been attained. Incidentally, he made 
many valuable contributions to our knowledge of the 
stratigraphy and physiography of that part of the 
Himalaya. On his return to Reading he began to 
organize a scientific expedition to continue his work 
in East Greenland, and took a small party which spent 
twelve months there. The published results of the 
petrological and mineralogical studies thus made, 
although as yet incomplete, are works of outstanding 
scientific importance. Shortly after the outbreak of 
war he joined the Royal Air Force in a specialist 
capacity, and held the rank of squadron leader at 
the time of his appointment to Durham. 


Suggested New School of Aeronautical Science 


REPLYING to a question raised in the House of 
Commons on December 1, the Minister of Aircraft 
Production, Sir Stafford Cripps, announced that the 
Aeronautical Research Committee had recommended 
the creation of a new school of aeronautical science, 
co-ordinated with existing training facilities, to 
bridge what it considers to be a gap in the 
present system. This report is approved in principle 
by the Government, and an interdepartmental com- 
mittee has been appointed to prepare detailed pro- 
posals for its establishment. The Committee is under 
the chairmanship of Sir Roy Fedden, sometime 
designer and chief engineer of the engine section of 
the Bristol Aeroplane Co. This Company was one 
of the first in the aeronautical world to initiate an 
apprentice training school in its works under Sir 
Roy’s guidance, and in addition he has just returned 
from a tour of the United States, where he has 
studied the systems of aeronautical instruction in use 
there. 

Although the terms of the report were not an- 


nounced, it presumably follows the scheme envisaged 


by Sir Bennett Melvill Jones, the chairman of the 
Aeronautical Research Committee, in his remarks 
at a recent discussion upon aeronautical education, 
before the Royal Aeronautical Society. The school 
will be postgraduate and will be additional to the 
facilities of a similar standard at present available 
at universities. It will deal with advanced study and 
experimental work of a technical nature, leaving the 
more scientific and research aspect to the university 
schools. It is also hoped to include certain aspects 
of flying, incidental to the teaching. It is hoped that 
such a training will appeal to the university graduate 
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who desires to take up the more applied side of the 
profession, the works apprentice who has attained a 
sufficiently high standard in theoretical study, and 
possibly senior men from the industry and the Forces 
who desire refresher courses. 


A Programme for the Royal Society of Arts 


Dr. E. F. ARMSTRONG’s inaugural address to the 
Royal Society of Arts on November 3 entitled ‘The 
Long Road of Progress” reviewed briefly the general 
trend of the Society’s activities since its foundation 
in 1754, commenting on the number of the older 
societies which regard the Royal Society of Arts as 
a foster parent. While it is no longer the tradition 
that the first popular account of any discovery or 
invention is given to the Society, that tradition is 
always vrominently before the Society in arranging 
its proy.amme. Discussing the future, Dr. Armstrong 
urged that the Society should help to form public 
opinion on housing, on nutrition, and other subjects, 
through the medium of its members and their friends 
in a way that the Press, which to-day is largely 
political and seldom practical, can never do. In 
addition to lectures, however, it could pursue such 
projects as raising the artistic standard of the nation, 
as through its institution of the award Royal Designer 
for Industry, and ite recommendations as to the best 
training for students intending to design for industry 
and in art schools in general, and the best methods 
of selection of young persons for such work. 

After a reference to education and to the value 
of the examinations of the Royal Society of Arts, 
Dr. Armstrong touched on the question of research 
and the necessity of having the right kind of men 
to carry it out efficiently, and the importance of 
providing the proper facilities. Factories, he empha- 
sized, are worth as much as the ability that 
directs them and no more, and even in research the 
head of the department must understand the art of 
managing men and be able to get along with them 
and to think as they think. A research department 
should be changing all the time, so as to bring in 
young men with ideas. Finally, popular interest in 
science must not only be maintained, but even 
increased, if we are to hold our own in the years to 
come. Whether carried on with Government support 
or in endowed institutions of learning, the full de- 
velopment of our scientific potentialities depends 
upon the appreciation of the public. This means 
continually providing the public with impersonal 
news regarding scientific progress in all lines of 
interest to them, from both the material and the 
philosophical points of view. Moreover, the biggest 
fight in the post-war world is likely to be for in- 
dividuality. Science needs tolerance, freedom from 
restraint and a recognition of the value of individual- 
ity, and because it has freed men’s minds and helped 
to free man’s soul by broadening the basis of religion, 
it is regarded by some as the great hope of mankind. 
We must learn the facts about the environment in 
which we live if we wish to adjust ourselves harmoni- 
ously with it. 


Astronomical Work in the U.S.S.R. 

Some information about astronomical activities in 
the U.S.S.R, has been received from Alexander 
Orlov, formerly director of the Odessa Observatory 


and now director of the Poltava Observatory, which 


was built in 1926 for the study of latitude variation 
and the movements of the earth’s pole. When the 
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Germans were approaching Poltava, the valuable 
equipment of the Observatory was removed to Irkutsk 
in Siberia, to save it from the destruction that had 
overtaken the Pulkovo Observatory, near Leningrad. 
When the Red Army liberated Poltava, M. Orlov 
returned there, passing through Kharkov en route. 
In Kharkov all the main buildings and cultural 
institutions were in ruins ; of the staff of the Kharkov 
Observatory, who had not succeeded in escaping 
before the Germans arrived, some had been killed, 
some had died of hunger, some were missing and 
the few who survived were in a deplorable condition. 
In once flourishing districts of the Ukraine everything 
had been burnt or destroyed. The city of Poltava 
had been destroyed with deliberate thoroughness ; 
it had been surrounded and nobody allowed to leave. 
The Poltava Observatory was damaged, but by chance 
had escaped destruction. The Ukrainian Government 
has decided to restore the Observatory as quickly as 
possible ; funds for this purpose, and for a consider- 
able extension of the work of the Observatory, are 
being assigned. During the past session of the 
Academy of Sciences of the U.S.S.R. it was decided 
to open another observatory for latitude-variation 
work at Komosomlsk, in the same latitude as Poltava. 
It was also planned to create a central observatory 
near Kiev, for fundamental observations, analogous 
to the Pulkovo Observatorv. 


Functions of the Special and General Libraries 


Mr. G. WotepGg, librarian of the Queen’s Univer- 
sity, Belfast, has directed attention, in a letter to the 
Editors, to a conflict of interests between the small 
special library and the large general library, which 
appears to be suggested by the discussions at the 
ASLIB Conference last September on the inter- 
national rehabilitation of special library services. 
Mr. E. J. Carter’s paper on the “Rehabilitation 
Problem and the Service and Technique of Special 
Libraries and Information Bureaux” and Mr. F. C. 
Francis’s paper on “The British Museum as a Special 
Library ” indicate, indeed, though without explicitly 
stating so, that the two types are complementary, 
not competitive, and quite apart from questions of 
co-operation involved in distribution and dispersion, 
it is clear both from Mr. McColvin’s report on public 
library service and the more recent statement issued 
by the Council of the Library Association that the 
position of special libraries and reference libraries 
in the general lending library service of Great Britain 
is receiving attention. 

Mr. Woledge acknowledges the immense contribu- 
tion to research which has been made by the system 
of inter-library lending through the National Central 
Library ; but points out that there are as yet no 
accepted principles by which we can determine the 
complicated question of the desirable minimum of 
book-resources for the country’s research work. 
Leaving aside altogether the question of the duplica- 
tion of the most important books—those of which 
many copies may be in use at the same time in 
different places and those which are indispensable in 
any scientific man’s library— it is not enough to have 
only one copy of each book which may be wanted or 
only one collection for each subject. While the 
special library has a better chance of completing its 
collection of the more elusive kinds of literature and 
can be organized from one exclusive point of view 
with a specialist and expert staff, the staff of a general 
library also has its rather different but characteristic 
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expert knowledge, and in so far as it is prevented 
from specializing is saved from onesidedness. Even 
from the point of view of research we need general 
libraries, highly specialized libraries and intermediate 
collections; libraries from which books can be 
borrowed and those from which they cannot. The 
most desirable lines for their development can only 
be decided after careful examination, subject by 
subject, of the needs of those who use them. A 
general survey of Great Britain’s needs would, as Mr. 
Woledge suggests, and has already been strongly 
recommended as an urgent need in the McColvin 
report, be of great value in helping to make the best 
use of available funds, and his warning that funds 
cannot be unlimited or expended extravagantly is 
timely. Mr. Woledge scarcely formulates the ques- 
tions which must be answered before either large or 
small libraries can take the fullest part in a national 
system of providing books and information, but he 
shows that all engaged in library work should con- 
sider more closely their functions, not only in relation 
to special needs, but also to those of the nation as a 
whole and the contribution they are best equipped 
to make to national needs. 


Radiolocation and Shipping Risks in Peace-time 


Tue fifteenth report from the Select Committee on 
National Expenditure for the session 1942-43, dealing 
with the salvage of ships and cargoes, contains 
important references to developments in radiolocation 
which seem likely to reduce shipping casualties, and 
thus to decrease the amount of salvage work to be 
done in normal times. As a decision on the future 
use of the large quantity of radiolocation equipment 
owned by the Government is urgently required, 
evidence was heard from eminent scientific workers 
and from representatives of Trinity House on the 
possibility of using it to increase the safety of naviga- 
tion after the War under conditions of low visibility. 
The Committee was assured that much of this equip- 
ment would be of value for such purposes, and 
accordingly it recommends that the Government 
should examine the question of the post-war use of 
radiolocation apparatus for safety at sea, together 
with the making of any international agreements 
required. The bulk of the report gives an interesting 
picture of the general salvage position in 1939 and 
during the War, which does not always reflect credit 
on the Admiralty. While the Committee resists the 
proposal to create a monopoly for British salvage 
enterprises in British territorial waters, unless the 
hopes of a general breakdown of monopolies and 
barriers to commercial activity are disappointed, it 
advances proposals for maintaining British salvage 
enterprises in so sound and efficient a state that 
underwriters will not be obliged to call on the services 
of foreign firms. 


The Royal Irish Academy 


THE meeting of the Royal Irish Academy on 
November 8 was devoted to a celebration of Hamil- 
ton’s discovery of quaternions. A well-attended 
meeting which included Mr. De Valera and other 
Ministers was addressed by the president, Dr. R. I. 
Best, who read messages from Prof. G. D. Birkhoff 
of Harvard and Prof. J. L. Synge of Ohio State 
University. An account of the Dublin mathematical 
school in the early nineteenth century with reference 
to the work not of Hamilton only but also of 
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McCullagh, Lloyd, Jellett, Haughton, Salmon 
was given by Prof. A. J. McConnell. 
Conway read a paper on quaternions and matri °¢s jn 
which he showed that the use of quaternion m: : hods 
makes for great simplification of the meson mii rices, 


ete., 
Prof. A. W., 


A paper by Prof. E. T. Whitaker on the seque: ce of 
ideas in the discovery of quaternions and a ncie on 
quaternions by Prof. G. D. Birkhoff were also read, 


A paper by Rev. J. R. Colthurst on the Inconsian 
calculus of Sir William Rowan Hamilton was read in 
title. A communication from Prof. F. D. Murnaghan 
of Johns Hopkins University, entitled “A Modern 
Presentation of Quaternions”, owing to postal ‘clays 
was received too late for the meeting, but will be 
included in the report of the proceedings which will be 
printed. 


The Haffkine Institute, Bombay 


THE report for 1940-41 of the Haffkine Institute at 
Parel, Bombay, shows a record of widely useful 
work, of expansion of departments to meet the needs 
of the War and of increased production of sera, 
antitoxins and vaccines for the Forces. A new 
department for the manufacture on a large scale of 
antitoxins, toxoids and sera has been begun and the 
Institute has found that it can produce these at a 
cost one half to one sixth of that of the imported 
products. The Department of Chemotherapy is also 
new; it reports that sulphathiazole is effective for 
the treatment of bubonic plague. Sulphonamide 
products are being synthesized, their commercial 
production is being investigated and new compounds 
in this series are being sought. The production of 
Haffkine’s antiplague vaccine and other work on plague 
occupy, perhaps naturally, a considerable part of this 
report. But interesting work is also being done in 
an endeavour to replace the standard malarial 
remedies, the supply of which has been reduced by 
the War. It is claimed that sulphathiazole and 
another sulphonamide prepared by the Institute have 
remarkable curative effects on monkey malaria with- 
out the relapses which follow the treatment of 
monkeys with atebrin and quinine. 


Poliomyelitis in the United States 


AccorRDING to officiai information, the incidence 
of this disease in July reached epidemic proportions 
in several south-western States, and the figures for 
the country during the first six and a half months 
were the highest in twelve years. Figures for the 
week ending July 17 showed 297 cases in the United 
States as compared with 245 for the preceding week ; 
231 cases or 94 per cent were reported from three 
States, namely, Texas with 102, California with 90 
and Oklahoma with 39. For the first twenty-eight 
weeks of 1943, 1,626 cases were listed for the entire 
country. 


Islands and Peoples of the East Indies 


War Background Studies of the Smithsonian 
Institution, No. 14, relates the story of the East 
Indies and their inhabitants. The account does not 
pretend to be other than superficial, but for the 
intelligent reader wishing to know something about 
an area that may at any time now come to figure 
largely in the war news, this book can be confidently 
recommended. It contains a great deal of information 
and is beautifully illustrated. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 





Future of Anthropology 


Ix the discussion on the future of anthropology 
at the centenary meeting of the Royal Anthropological 
Institute, as reported in Nature of November 20, 
there seems to have been a serious misconception of 
the natural scope of physical anthropology. In my 
president ial address to Section H of the British 
Association in 1939, I discussed the subject at some 
length, and suggested that the future of this important 
science may be seriously jeopardized if it is not 
allowed to develop naturally along progressive lines. 

Dr. Firth is quite correct in his statement that 
physical anthropology is a branch of biology, and it 
may be added that it should therefore be in the hands 
of trained biologists. It is no doubt due to the neglect 
of this fact that the subject seems to have undergone 
considerable stagnation in recent years. The view 
was expressed at the centenary meeting that physical 
anthropology is entirely a historical science. Indeed, 
the writer of the report in NATURE goes so far as to 
suggest that as soon as physical anthropology is 
applied to practical problems it ceases to be physical 
anthropology ! 

This view can scarcely be too vehemently con- 
troverted. Physical anthropology is certainly a 
historical subject in so far as it studies the organic 
relation of the human species to lower animals, its 
evolutionary origin, its differentiation into races* and 
sub-races, and the relation of physique to the different 
conditions of life in the past. But it is equally certain 
that it also concerns itself with actualities by the 
comparative study of living races and their geo- 
graphical distribution, and by the study of problems 
of growth and physique in relation to environment 
and of racial differences in physiological processes. 
The subject of comparative racial physiology (which 
is clearly a department of physical anthropology) 
has hitherto received little attention. Yet its import- 
ance must be obvious, and it is not too much to say 
that the future of physical anthropology will depend 
almost entirely on its due recognition. 

Probably no adequate and complete survey has 
been made of any native population living under 
primitive conditions to ascertain from random samples 
what level of physical efficiency is possessed by its 
members, how far this is related to inborn racial 
differences, or to nutrition, climate and other en- 
vironmental factors. It is important to know to 
what extent physical efficiency can be improved by 
higher standards of diet, hygiene and so forth, how 
human races vary in their adaptability to different 
environments and different conditions of life, whether 
there are racial differences in susceptibility to disease 
or dietetic deficiencies, in ability to resist physical 
stresses and strains, in relative rates of growth and 
maturation, in fertility and longevity, in their re- 
action to extremes of temperature and humidity, etc. 
We require data regarding the functional efficiency 
of different physiological systems (cardio-vascular, 
respiratory, nervous, excretory, digestive, etc.) in 

different races, and the physical anthropologist of 
the future must be acquainted with the various 


* The term “‘race” is used here in reference to the main ethnological 
groups of mankind, and without prejudice to its a) tion otherwise. 
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physiological and biochemical techniques by which 
this efficiency can be gauged. 

It is scarcely necessary to say that problems of 
this kind must be answered as a preliminary basis 
for the social, educational and economic advance- 
ment of the more primitive and backward races of 
mankind, and are thus of considerable practical 
importance. At the same time, since the physical 
e.ticiency of different races must have repercussions 
on their social and cultural development, it is clear 
that in the future physical anthropology must keep 
in close contact with other branches of anthropology, 
so that the study of mankind remains a properly 
integrated subject. 

If the science of physical anthropology is allowed 
to follow its natura] development along the lines 
suggested, it will open up a progressive and active 
field of study which is likely to attract students who 
are both able and enthusiastic. If, on the other 
hand, it confines itself to the narrow laboratory 
study of crania and other parts of the skeleton (a 
study which is rapidly becoming sterile in spite of 
new statistical methods) it will soon cease to earn 
any respect from workers in other branches of 
anthropology. 

Dr. G. M. Morant has pointed out that the three 
whole-time posts in physical anthropology in Great 
Britain before the War are now not actively occupied. 
I would suggest that this provides an excellent oppor- 
tunity for the complete re-orientation of the subject 
along functional lines, and that efforts should be 
made to promote this natural development as soon 


as possible. 
W. E. Le Gros Crark. 
Department of Human Anatomy, 
University Museum, Oxford. 


An Ankle-Bone of the Ape-Man, 
Paranthropus robustus 


Every addition to our knowledge of the structure 
of the ape-men of South Africa is likely to be wel- 
comed even though the addition may appear to be 
a very small one. The Taungs ape, and those dis- 
covered at Sterkfontein and Kromdraai, have re- 
vealed a group of higher Primates which are very 
much nearer to man than any living anthropoids, 
or any of the fossil forms previously discovered. 
Though the brains are sub-human in size, they are 
much nearer in structure to that of man than are 
the brains of the gorilla and chimpanzee, and the 
dentition is practically human. All the fragments 
we have of the post-cranial skeleton are so nearly 
human that had they been found isolated most 
anatomists would probably have maintained that 
they were human. 

We know the distal end of the femur of the Sterk- 
fontein ape-man, and a perfect os capitatum (os 
magnum); and of the Kromdraai ape-man we have 
the distal end of a humerus, the proximal end of an 
ulna, a metacarpal and a number of phalangeal bones 
of the hand, and a few toe bones. 

In the block of matrix in which the Kromdraai 
skull lay, there was seen a piece of very badly 
weathered bone. It looked very unpromising ; but 
when cleaned out it proved to be the most important 
part of the right talus. The fragment consists of 
rather more than half the bone, and it shows the 
greater part of the proximal or upper side. The 
articular surfaces for the tibia and fibula are nearly 











robustus Broom ; 
(D) a large gorilla. 


Right talus (astragulus) of (A) Paranth 

(B) female bushman ; (C) female chimpanzee ; 

A, B, and C are 3 nat. size; D is } nat. size. 
perfect, and rather more than the upper half of the 
distal end is satisfactorily preserved. 

In size, this talus agrees fairly well with that of a 
female Bushman ; but in structure the bone differs 
considerably. The articular surface for the navicular 
is much broader and more horizontal than in 
the Bushman, and it extends a little farther inwards 
than in most human tali. 

The articular surface for the tibia and fibula is 
narrower than in any human tali I can find, and a 
little differently shaped. A comparison with the prox- 
imal articular surface in the talus of the chimpanzee 
shows considerable resemblance, but the articulation 
for the navicular in the chimpanzee is very different. 

There is very little resemblance between the talus 
of Paranthropus and that of the gorilla ; the tibial 
articulation being very different. 

There cannot, I think, be the slightest doubt that 
this talus is that of the type Paranthropus robustus. 
The head, jaw, humerus and ulna fragments, the 
bones of the hand, and this talus are all from one 
mass of bone breccia less than a cubic foot in size. 

The talus is manifestly that of a Primate slightly 
larger than a chimpanzee. In general structure the 
bone resembles that of a man more than it does that 
of any of the living anthropoids, and the little evidence 
that it brings is in favour of Paranthropus having been 
bipedal, and of its having had a well-developed hallux. 

Paranthropus, though a little less human in its 
milk molars than Australopithecus or Plesianthropus, 
is more human in its having a much larger brain. 

Paranthropus, in having a brain of about 650 c.c. 
and a very lightly built body of probably not more 
than 80 Ib. or 90 lb., and in being most probably 
bipedal, with delicate slender hands, must have been 

an animal much more like a human being than either 
the chimpanzee or gorilla. Like the other known 
Australopithecines, it was certainly not a forest- 
living Primate, but a being who lived among the rocks 
and on the plains and hills as the baboons do to-day. 

It is hoped that before long a complete work will be 
issued on all that is known of the Taungs, the Sterk- 
fontein and the Kromdraai ape-men. 

R. Broom. 


Transvaal Museum, 
Pretoria. 


Sept. 8. 


NATURE 








DECEMBER I1, 1943, Vor. 152 
Distribution of Colour-blind Men in 
Great Britain 


DuRING the past two years the colour vi-ion o 
many thousands of recruits for the Royal Navy ha 
been tested by a modified form of the Ishih: 


@ and 
Stilling Tests. Thus for the first time it has | ecom, 
possible to compare the proportions of colour-bling 
men in different regions of Great Britain on large 


scale. Significantly greater proportions have beer 
found to occur in the western than in the caster, 
half of the country. The following table gives th. 
percentages of defectives in nine major areas of 
Britain, each percentage being based on more than 
6,000 cases. Each percentage has also been adjusted 
for the lower level of intelligence which occurs jz 
some testing centres than in other centres, since jt 
has been found that men of very low intelligence 
tend to do less well at the test. 

C rected 


Area % 
: Defective int oan 
N.E. Scotland (Wick, Edinburgh, Gala- 

shiels, etc.) ‘ os ‘ ; 5°37 00 
London and 8.E. (including Chatham, 

Aldershot and Brighton) 6-81 (\-69 
East Coast (Newcastle down to East Anglia) 6-99 6-65 
Industrial North Central (Chesterfield, 

Derby, Nottingham, Leeds, Northamp- 

ma - ete.) .. 7-43 

Scotland hg N. w. England (Glasgow, 

— Carlisle Barrow, ete.) 7°72 7°31 

ndustrial N.W. (Stoke, Liverpool, Man- 

_ Wrexham, etc.) o8 7°72 4l 
South Wales and eee ae 7°76 74 
5. Central (Shrewsbury, Birmingham, 

Hereford, Oxford, Reading, ete.) 8-86 sf 
S.W. England poectemeuEn, Salisbury, 

Plymouth, etc.) 9°45 9-21 

Analysis of variance shows ‘that differences be- 
tween areas are statistically significant, when com- 


pared with variations within areas. The F-ratio is 
6-19 with 8 and 70 degrees of freedom; a ratio of 
3-8 would have a probability of 0-001. 

The figures suggest that colour defect may be 
racially connected with pigmentation, since it is 
generally accepted that light hair and eyes are more 
prevalent in the north and east, dark colouring in 
the south and west of Great Britain. While not 
possible in war-time, we hope later to be able to 
compare our results in detail with figures for the 
geographical distribution of blonde versus brunette 
characters. 

It should be noted that the total percentage for all 
areas of 7-49 per cent is much higher than the usual 
estimate of about 4 per cent for males, simply be- 
cause the test employed is a difficult one which picks 
out many of the colour-weak, or anomalous tri- 
chromats, as well as the strictly colour-blind. 

P. E. VERNON. 
A. STRAKER. 
National Institute of Industrial 
Psychology, 
Aldwych House, Aldwych, 
London, W.C.2. Nov. 9. 


Instability of Stilbamidine in Aqueous 
Solution 


Tue changes which stilbamidine and related com- 
pounds undergo in solution on exposure to the action 
of light have received considerable attention in the 
last two years, and several publications dealing with 
the subject have appeared in the literature, from 
which it seems that the methods of approach have 
been biological and physical rather than chemical. 
Fulton and Yorke’, Fulton’, Barber, Slack and Wien’ 
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and Goodwin‘ have contributed to the elucidation 
of the changes which occur, and the present position 
may be summed up briefly as follows. Stilbamidine 
and, to a rather less extent, its monomethyl deriva- 
tive, undergo profound chemical change under the 
action of light, which change is accompanied by a 
large increase in toxicity, loss of therapeutic activity 
and disappearance of those properties (characteristic 
light absorption and capacity for reacting with 
bromine and permanganate) which are attributable 
to the ethylenic linkage. The 4 : 4’-diamidino deriva- 
tives of dimethyl stilbene, tolane, diphenyl ethane 
and diphenoxy pentane undergo little or no change 
on exposure to light. 

The explanation proposed by Barber, Slack and 
Wien? to account for these changes in the case of 
stilbamidine is the addition of the elements of water 
to the double bond of the stilbene portion of the 
molecule with the formation of 4: 4’-diamidino 
phenyl benzyl carbinol. These authors produce con- 
siderable evidence in support of their explanation of 
the observed phenomena ; but it would seem that 
they themselves are not entirely satisfied with this 
explanation, though it certainly accounts satis- 
factorily for many of the observed facts relating to 
the changes. They deduce from their observations 
that the amidine groups are not affected, the change 
being associated solely with the unsaturated stilbene 
linkage. 

A considerable amount of work has been carried 
out here both with solutions exposed for long periods 
to diffuse daylight and with solutions exposed for 
much shorter periods to direct tropical sunlight, the 
results of which it is hoped to publish in detail else- 
where. The rapidity with which the primary changes 
take place on exposure to direct irradiation (insola- 
tion in this case), found by other workers, has been 
confirmed, and observations made here are essentially 
in agreement with the already published results 
relating to the disappearance of those properties 
attributable to the ethylenic linkage. There are, 
however, reasons for believing that the principal 
product of irradiation is not the diamidine of phenyl 
benzyl earbinol, as Barber, Slack and Wien® suggest, 
and an alternative explanation, for which there is 
some experimental evidence and theoretical support, 
is proposed below. 

As regards the changes which stilbamidine under- 
goes in solution on prolonged exposure to diffuse day- 
light, it has been definitely established that the 
amidine groups are, under these conditions, not 
stable and undergo hydrolysis and conversion into 
amido groups with the liberation of ammonium 
chloride. The primary products of irradiation, which 
are at least two in number, and the stilbamidine not 
so converted all appear to undergo this slow hydro- 
lytic process, so that old solutions contain a com- 
plex mixture of compounds which, with a few excep- 
tions, do not show wide differences in chemical and 
physical properties. Two, at least, of these hydrolytic 
products have been isolated and characterized with 
fair certainty, namely, 4-amido : 4’-amidino-stilbene 
monohydrochloride (most probably the trans-form) 
and 4: 4’-diamido-stilbene. There is reason to be- 


lieve that, under our climatic conditions, cis-stilb- 
amidine is one of the primary products of irradiation, 
and that it, and the products of its hydrolysis, per- 
sist in solution throughout the consecutive processes 
of the fractionation of the chlorides and of the sulph- 
ates of the constituents of old solutions. The presence 
of ammonium chloride in these solutions has been 
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confirmed, and there is evidence that adsorption of 
the stilbamidine base, and other bases, on the glass, 
and base-exchange, play an important part in these 
hydrolytic processes. It is quite probable that they 
are dark reactions. 

Further hydrolysis of the amido groups with the 
formation of ammonium carboxylate groups could 
take place, but there is at present no evidence that 
this has occurred under the conditions of neutrality 
which these old solutions maintain. 

It appears from the literature that, although the 
most frequent behaviour of geometrical isomers on 
irradiation involves partial conversion of the more 
stable configuration (usually the trans-form) into the 
less stable configuration, other courses which may 
be followed are the addition of the solvent at the 
double bond and polymerization, which latter may 
be a straightforward dimerization, as in the case 
of the cinnamic acids, which can dimerize to form 
truxinic and truxillic acids. This last course seems 
to be common with ethylenic derivatives of fairly 
high molecular weight. ; 

There is experimental evidence, as yet by no means 
conclusive, that under our conditions the principal 
primary product of the insolation of stilbamidine in 
aqueous solution is a dimer of stilbamidine, and not 
diamidino phenyl! benzyl carbinol, and that cis- 
stilbamidine is also formed to some extent. The 
dimer would be 1,2,3,4-tetra (4’-amidino phenyl) 
cyclobutane, and its anhydrous salts would have the 
same composition as the corresponding anhydrous 
salts of stilbamidine. The dimerization—if it occurs 

may be of the original stilbamidine or of the cis- 
modification of stilbamidine, which may be the true 
primary product of irradiation. The kinetics of the 
reaction, whieh it is hoped to examine in detail 
shortly, may throw light on this point. 

The above view of the changes brought about in 
stilbamidine by the action of light allow of some 
interesting deductions to be made. The dimerization 
of stilbamidine, in either the cis- or trans-form, 
should, from the point of view of steric hindrance, 
be able to take place more readily than should that 
of the mono-methyl derivative, and much more 
readily than that of the dimethyl derivative, which 
agrees with the observed differences in behaviour of 
these compounds on irradiation. Fulton? himself 
was not entirely satisfied with his explanation of the 
difference in behaviour of these compounds and would, 
one suspects, have preferred to have been able to 
attribute the difference to steric hindrance. 

What may be a more important inference is that 
a compound of similar structure to, stilbamidine, but 
without its tendency to undergo either cis-trans 
isomerization or polymerization, may have all the 
therapeutic qualities of stilbamidine—which are un- 
doubtedly good—with none of the disadvantages 
which attend the latter in practical use, particularly 
in the tropics. The diamidino derivative of 2-phenyl- 
indene, namely, 2-(4’-amidino pheny])-6-amidino- 
indene, should be such a compound. By virtue of the 
ortho-ring closure this compound must have the 
equivalent of the trans-configuration, similar to 
stilbamidine, while at the same time conversion to a 
cts-modification is out of the question. Furthermore, 
from considerations of steric hindrance, this com- 
pound is unlikely to be able to undergo any significant 
degree of polymerization similar to that which it 
appears may occur in the case of stilbamidine and its 
monomethyl derivative. The indene derivative de- 
picted above is, in effect, a ‘frozen’ form of 4: 4’- 
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diamidino monomethyl stilbene. If this compound 
ean be synthesized, examination of its therapeutic 
activity, toxicity and stability in solution under the 
influence of light is likely to yield results of consider- 
able theoretical and practical interest. 
A. J. Henry. 
Wellcome Chemical] Laboratories, 
Sudan Medical Service, 
Khartoum. Oct. 19. 


s Pulte, J. D., and Yorke, W., Ann. Trop. Med. Parasitol., 36, 134 
(1942). 


* Fulton, J. D., Ann. Trop. Med. Parasitol., 37, 48 (1943). 
* Barber, H. J., Slack, R., and Wien, R., Natures, 151, 107 (1943). 
* Goodwin, T. W., Ann. Trop. Med. Parasitol., 37, 59 (1943). 


Transmission of Susceptibility to Carbon 
Dioxide to Species Hybrids in Drosophila 


L’Héritier and Teissier’ have described a stock of 
Drosophila melanogaster the flies of which die when 
exposed for five minutes to carbon dioxide at tem- 
peratures between 1° and 23° C., whereas other flies 
of the species recover from such treatment after a 
few minutes*. This susceptibility, Scoo,, or its normal 
counterpart, resistance to carbon dioxide, is trans- 
mitted to the offspring as one unit, but it is not 
fixed to any of the chromosomes and therefore can- 
not be regarded as a Mendelian character. In crosses 
between flies from L’Héritier’s stock and normal 
flies, susceptibility to carbon dioxide is transmitted 
to the whole offspring by the mother, but only to 
part of the offspring by the father. Some of the 
latter’s susceptible daughters, but not the sons, may 
in turn transmit it to their offspring. No individual 
resistant to carbon dioxide has been observed to 
transmit susceptibility. 

Sturtevant* has described sterile hybrids between 
D. melanogaster and D. simulans. 10-40 per cent of 
his crosses melanogaster ¢ x simulans 3 produced 
offspring, predominantly female, but not more than 
2 per cent of the reciprocal matings were successful 
and the offspring from those was predominantly male. 
From this the conclusion is drawn that hybrids do not 
survive, unless they carry a simulans X-chromosome. 
Later experiments by Biddle‘ yielded a higher per- 
centage of offspring from the crosses simulans 2 x 
melanogaster 3, especially when a simulans stock con- 
taining the mutant black was used. 

The above results made it possible to attempt the 
transmission of the susceptibility to carbon dioxide 
from L’Héritier and Teissier’s original ebony Sco, 
stock (D. melanogaster) to hybrids from this stock and 
a stock of D. simulans, homozygous for the mutant 
black. The results of these experiments are sum- 
marized in Tables 1 and 2. 

Crosses were set up in bottles or vials in pairs of 
five and kept at 25°C. The exclusively male off- 
spring from the cross simulans b? x melanogaster 
eSco, ¢ emerging at this temperature was charac- 
terized by its wild-type colour and some deficiencies 
in bristles, and could thus readily be distinguished 
from illegitimate offspring, resulting from non-virgin 
simulans 6b 92. From the cultures containing re- 
ciprocal crosses which had-to be kept at 20° C. after 
pupation, wild-type coloured females emerged which 
showed some roughening of the eyes. No illegitimate 
offspring occurred in these cultures. 

Table 1 summarizes the results of the carbon 
dioxide treatment of female offspring from eight mass 
cultures melanogaster eSco, 2 x simulans b ¢ ; control 
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flies of the eSco, stock always died, simulans } ang 
melanogaster or +- flies survived. Thus the |! vbrids 
from at least seven matings, probably from many 
more, showed susceptibility to carbon dioxide. 
whether the resistant flies from culture 3 wore ajj 
descendants from one mating cannot be decided, 
Many of the susceptible flies from this culturs took 
a longer time to die after treatment than u-ual, 


TABLE 1. AFTER 5 MINUTES IN 100% CO, aT 13°-15 
No. cane Dead Recovering 
41 _ 
2 71 -—- 
3 118 15 
4 65 ome 
5 17 _- 
6 23 ~- 
7 87 -- 
Ss 29 -- 
TABLE 2. AFTER 5 MINUTES IN 100% CO, aT 13°-15° C. 
No. of culture Recovering 
1 19 45 
2 3 7 
3 34 12 
4 34 33 
5 6 15 


Table 2 summarizes the results of identical treat. 
ment of the offspring of five mass cultures simulans 
b @ x melanogaster eSco, é, and its figures suggest, 
although they do not prove, that the offspring from 
a mating of this type may contain resistant and 
susceptible flies in varying proportions. This was 
also observed in the offspring from two successful 
paired matings, where the proportions of suscept ibles 
to resistants were 10: 3 and 12: 9 respectively. 

It thus appears that the susceptibility to carbon 
dioxide of a stock of D. , as described 
by L’Héritier and Teissier, can be transmitted to the 
crosses between this species and D. simulans. In 
accordance with its intraspecific inheritance, the 
character is as a rule transmitted to all the inter- 
specific hybrids by the mother, but only to part of 
the hybrid offspring by the father. 

H. Kawtmvs. 
Department of Biometry, 
University College, London, 
at Rothamsted Experimental Station, 
Harpenden, Herts. 
Nov. I]. 


* C.R. Acad. Sci. Paris, 206, 1099 (1937) ; 206, 1193, 1683 (1938). 
*J. Exp. Biol., 19, 238 (1942). 

* Carnegie Inst. Publ., No. 399 (1929). 

* Genetics, 17, 153 (1932). 


Terminology of Nucleic Acids 


ALTMANN (1889) suggested the term ‘nucleic acid’ 
for the acidic substance of high phosphorus content 
which Miescher had isolated from the nuclei of pus 
cells and fish spermatozoa. Nucleic acid was a very 
useful biological term so long as it was clear that it 
referred to material from the cell nucleus; but the 
subsequent extensive researches on nucleic acids by 
Kossel and his school, by Levene and by others, were 
largely chemical, and ignored the question of what 
part of the cell might be the source of these sub- 
stances (see Mirsky’ for literature). As a result of 
these investigations, the chemistry of nucleic acids 
became well known; and although no longer a use- 
ful biological word in its original sense, the term 
‘nucleic acid’ has to-day a well-defined chemical 
significance, referring to the natural tetranucleotides. 

There are two types of nucleic acid; and both 
are of very wide, perhaps universal, occurrence in 
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living organisms. The chief chemical difference be- 
tween them lies in the carbohydrate part of the 
nucleotide: in one nucleic acid it is a pentose, d- 
ribose; in the other it is a desoxypentose, d-ribo- 
desose. The two nucleic acids are therefore called by 
chemists ribose and desoxyribose. The only biological 
terms equivalent to ribose and desoxyribose refer to 
the sources from which the two acids are most fre- 
quently isolated. Ribose nucleic acid is called ‘yeast 
nucleic acid’, and the desoxyribose type is called 
‘thymus nucleic acid’. Since the former was originally 
obtained from yeast plants, while the latter was most 
readily available from the thymus glands of animals, 
the acids are also called ‘plant nucleic acid’ and ‘animal 
nucleic acid’ respectively, with the distinct implica- 
tion, indeed sometimes the direct statement, that 
these two terms express the true difference in distribu- 
tion of the two nucleic acids in living organisms. 

We now know that this is wholly misleading. 
Ribose nucleic acid is not restricted to plant tissues, 
nor desoxyribose to animal tissues; both occur 
widely in both animals and plants. Indeed both the 
yeast cell and the thymus gland cell undoubtedly 
contain both acids. Thus, as biological terms, ‘yeast 
nucleic acid’ and ‘thymus nucleic acid’ are to be 
avoided to-day; and some contemporary writers 
prefer to use the biologically quite non-committal 
terms ‘ribose’ and ‘desoxyribose’. 

It seems to us that recent work has made the 
distinctive distributions of the two nucleic acids clear 
enough, so that the introduction of a new terminology 
for biological use is justified. From studies of the 
highly specific nucleal reaction of Feulgen, from 
Behrens’ work on the separation of nuclear and cyto- 
plasmic constituents of the cell, from the results of 
photochemical analysis, especially by Caspersson, 
and from direct analysis by us of chromatin itself, it 
is now clear that desoxyribose nucleic acid is normally 
restricted to the chromatin of the cell nucleus, and 
that the chromatin contains none of the ribose type 
of nucleic acid. We therefore suggest that chromo- 
nucleic acid be used instead of ‘thymus nucleic acid’ 
as a biological term for the substance described 
chemically by the term ‘desoxyribose nucleic acid’. 
It is now certain that the ribose nucleic acid, by 
contrast, is found either in the cell cytoplasm or in 
the plasmosome (nucleolus) of the cell nucleus; _ it 
is not a constituent of the nuclear chromatin itself. 
We therefore suggest plasmonucleic acid as a useful 
substitute for ‘yeast nucleic acid’ and as the biological 
equivalent for the chemical term ‘ribose nucleic acid’. 

A. W. POoLLIsTER. 
Columbia University, 
New York. 
A. E. Mrresxy. 
Hospital of the Rockefeller Institute. 
Oct. 11. 
* Mirsky, A. E., “Advances in Enzymology”, 3, 1-34 (1943) 


A Specific Reaction for Ascorbic Acid 


On adding hydrochloric acid to a solution of 
ascorbic acid, reversible oxidation with 2 : 6-dichloro- 
phenolindophenol and iodine becomes progressively 
slower as the mineral acid content increases. When 
the hydrochloric acid concentration reaches 20 per 
cent in the case of indophenol and 29 per cent in the 
case of iodine, reduction of the reagent is completely 
inhibited. On diluting the acid mixture with water, 
the total reducing capacity of the ascorbic acid is 
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restored, and can be titrated with both reagents. 
This property is exhibited only by ascorbic acid, and, 
consequently, substances which interfere in the 
titration under the usual conditions can be differ- 
entiated from the vitamin. With certain other 
reducing substances the rate of reduction of the re- 
agents is somewhat retarded, but reduction proceeds 
to completion. With orange juice a small titration is 
observed in the presence of the mineral acid, and the 
true ascorbic acid content is obtained either by sub- 
tracting this figure from the original titration value 
or by determining the renewed titration value ob- 
tained on diluting with water. With fruits and 
vegetables of high vitamin content (guava, lucerne 
and parsley) no interfering substance is found to be 
present. 

The method is particularly useful with gluco- 
reductone produced from glucose and hot alkali, as 
this substance under the usual conditions of titration 
is indistinguishable from ascorbic acid. By keeping 
the hydrochloric acid concentration at 20 per cent 
this reductone can be titrated with indophenol to 
completion, the pink colour persisting for 20 sec. at 
the end-point. With iodine in the presence of 29 per 
cent acid the titration is not accurate. The high 
apparent ascorbic acid figure produced with meta- 
phosphoric acid extracts of biscuit, to which con- 
centrated orange juice had been added, was definitely 
proved to be due to a reductone-like substance only. 

Thiosulphate can be differentiated from ascorbic 
acid similarly using indophenol or iodine. Certain 
modifications are necessary in applying the method 
to urine analyses. The new technique provides (a) a 
simple method by which ascorbic acid can be identified 
in solution, and (6) in the case of unknown material, 
fresh evidence as to whether ascorbic acid is the 
reducing substance present. 

A suggested explanation of the phenomenon is that 
in the presence of an abundance of hydrogen ions 
ascorbic acid is completely converted into the non- 
reducing keto-form. On dilution with water, enoliza- 
tion results with a restoration of the reducing 
capacity. 

L. F. Levy. 
Dept. of Agriculture and Forestry, 
Chemical Laboratories, 
Joubert Street North, 
Johannesburg. 
Aug. 16. 


Anabiosis in a Soil Ciliate 


INVESTIGATORS of the microfauna of the soil have 
frequently remarked upon the rapidity with which 
active ciliates make their appearance when samples 
of dried or partly dried soil are moistened for examina- 
tion in the laboratory. The conclusion has been 
drawn that these ciliates cannot be in the encysted 
condition but are capable of remaining active in soils 
containing a very low percentage of water. 

Some light has been thrown on this matter in the 
course of recent investigations on the bionomics of a 
little-known holotrichous ciliate, Balantiophorus 
minutus Schew., which has been frequently reported 
from soil. In agar plate cultures of this ciliate, it was 
observed that not only could it remain active in very 
restricted films of water, wriggling between the 
bacterial masses on the surface of the agar in an 
almost amoeboid fashion, but also that it was capable 
of passing into a condition of suspended animation, 
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without the formation of any cyst, when the free 
water completely disappeared from the agar surface. 
This phenomenon appears to be comparable with the 
condition of anabiosis shown by Tardigrada and 
other animalcules of the moss fauna, and so far as I 
have been able to discover, it has not previously been 
reported for any ciliate. In this condition the body 
of the ciliate has a shrivelled and flattened appearance 
and shows no signs of life. It is, however, capable of 
revival within periods of up to three weeks, provided 
that it is in contact with some moisture-retaining 
substance, and that the relative humidity is high. 
Immediately upon the addition of water, the cilia 
commence to beat, the organism starts to swim 
about, and in a period varying from ten minutes to 
an hour it has regained its normal form and activity. 

Balantiophorus minutus is thus peculiarly well 
fitted for life in the surface soil, where the amount of 
free water is subject to frequent and drastic altera- 
tion, and is at all times limited save in water-logged 
soils. It is not unlikely that upon further investigation 
other soil ciliates will be found to possess a similar 
power of temporary resistance to desiccation. 

A fuller account of this work is in the course of 
preparation, and it is hoped that it will appear shortly. 

In conclusion, it may not be out of place to remark 
that Balantiophorus minutus shows a similar ability 
to cause flocculation of the bacteria on which it feeds 
to that reported in these columns for Oikomonas 
termo by Hardin! and for Epistylis and Vorticella by 
Pillai and Subrahmanyan’‘. 

Joun M. Watson. 
Wellcome Bureau of Scientific Research, 
183—193 Euston Road, 
London, N.W.1. 


' Nature, 151, 642 (1943) 
* NaTURRB, 150, 525 (1942). 


Hitherto Unidentified Absorption Bands 
of Water Vapour 


In 1912-13, F. E. Fowle' made studies of the 
absorption of infra-red radiation by water-vapour at 
0-93u, 1-134 and 1-47u, in order to determine 
spectroscopically the total water-vapour content of 
the atmosphere. The first two wave-lengths are at 
the centres of the p and 9 bands; the last is about 
450 cm.’ from the )-band centre. 

Recently, studying the rotation-band of water- 
vapour numerically, I found a striking difference in 
absorption near the band-centre and at the wing. 
Assuming a line-width 0-4 cm.-', I found that, to 
increase the absorption from 20 to 80 per cent, a 
25-fold increase in the quantity of absorbing vapour 
is needed near the band-centre, but a 40-fold increase 
is needed near the wing. Fowle’s results indicate a 
25-fold increase at each of the three wave-lengths. 
This suggests that the absorption at 1-474 may be 
due to a hitherto unidentified band, centred near 
1-47 u. Itis, in any event, improbable that the )-band 
should give absorption more than 450 cm.~' from the 
band-centre, when the much stronger band centred 
at 6-3 u extends, on the long-wave side, only 400 cm.~! 
from its centre. 

Mecke’s empirical formula* suggests that the new 
band is the band v, + 2v, (v. + 28), centred about 
1-455. To test this, energy-levels for v, + 2v, were 
estimated roughly by extrapolation from Nielsen’s 
data*® for v,, 2v,, vs, V3 + ¥,, and those of Randall, 
Dennison, Ginsburg and Weber‘ for the rotation- 
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band. These gave rough positions for the im; 
lines in the band, which were found to be about 5 cm,~ 
below the positions of lines observed in sunliyht by 
Abbott and Freeman’. The computed energy -leveis 
were increased by about this amount, when :t was 
found that all strong lines predicted between |-44, 
and 1-48 were actually observed, and no others, 
This establishes the correctness of the identification, 
The lowest energy-levels are tabulated below. 
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The new band has evaded detection so far because 
of its weakness, which makes it hard to observe in 
the laboratory, and its proximity to the -hand. 
Other weak bands can, probably, also be identified 
in sunlight. The lines observed by Langley* at 
2-115 and 2-1645u are probably the maxima of 
the two wings of the ‘butterfly’ band 3 v,, and the 
lines found by Abbott and Freeman‘ between | -178 » 
and 1-21 u probably arise from the band v, + 3 y,, 
centred near 1-192 u. Each of these bands is, however, 
overlapped by stronger bands, which have hitherto 
masked their presence. 

T. G. Cowie. 
Department of Mathematics, 
University, Manchester. 
Oct. 29. 


' Fowle, F. E., Astrophys. J., 35, 149 (1912); 37, 359 (1913). 

* Mecke, R., Z. Phys., 81, 313 (1933). 

* Nielsen, H. H., Phys. Rev., 50, 565 (1941); 62, 422 (1942). 

* Randall, H. M., Dennison, D. M., Ginsburg, N., and Weber, L. B 
Phys. Rev., 68, 160 (1937). 

® a G., and Freeman, H. B., Smithson. Misc. Coll., 82, No. | 
a ). 

* Langley, S. P., Ann. Astrophys. Ods., 1, table 23 (1900). 





Composition and Constitution of 
Ethylenebiguanide 


In a previous note on “A New Type of Complex 
Silver Compounds with Tervalent Silver’’', the com- 
position of ethylenebiguanide was represented as that 
given by Dittler* as well as by Diibsky and co- 
workers*. This is, however, not correct. It has now 
been found that the so-called ethylenebiguanide, as 
prepared by us following the method described by 
Dittler and also by Diibsky and co-workers, is really 
an ethylene dibiguanide, En(BigH),, of the com- 
position CgN,,.H;,.. It behaves as a quadridentate 
molecule with four points of attachment to the cen- 
tral silver atom instead of being bidentate like the 
so-called ethylenebiguanide. This difference was not 
detected before, as we had no reason to suspect the 
composition of the compound and satisfied ourselves 
only with the estimation of nitrogen and sulphate 
in a sample of the substance, which, however, agreed 
with those given by Diibsky and co-workers. A 
subsequent estimation of carbon and water both in 
the substance under discussion and in its complex 
silver salt revealed this difference; 2 C,N,H,.H,S0, 
gives almost the same values for nitrogen and 
sulphate as C,N,9H,.2H,SO,.1-5H,0. 

Therefore, the constitution of the tervalent silver 
complex should now be represented as: 

[Ag'"En(BigH),] X5, 
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and the constitution of ethylenedibiguanide as : 


NH NH 

1] i 
CH,—_NH—C—NH—C—NH, 
CH,—-NH—C—NH—C—NH, 

| 

NH NH 


P. Ray. 
Inorganic Chemistry Laboratory, 
University College of Science, 
Calcutta. 
Sept. 25. 


Nature, 161, 643 (1943). 
Dittler, Monateh., 20, 647 (1908). 


Langer and Strand, X, 111 (1938) 


Diibeky 





Surface ‘Memory’ in a Carboy 


Towarp the close of a recent afternoon, we cali- 
brated a cleaned, dry 5-gallon carboy by pouring in 
successive litres of distilled water. During the next 
morning, we found that the bottom 13 litre-levels 
had been ‘remembered’, these levels being precisely 
marked by the lines of gas bubbles shown in the 
photograph. We had not previously encountered the 
phenomenon, nor have we seen it described. 

The gas released must have been carbon dioxide. 
At the time, the pH of our distilled water could be 
increased from 4-7 to 6-8 by boiling. Furthermore, 
the bubbles marking most of the levels were ‘fixed’ 
as continuous white lines, presumably of barium 
carbonate, when dissolved barium hydroxide was 
added to the undisturbed carboy. 

Several successful attempts to reproduce the phe- 
nomenon gave some clues to its mechanism. Success- 
ive litres of water were poured into each of several 
carboys through extended funnels, about 10 seconds 
being required for the pouring and 2 minutes for 
the filling of the graduate. While this was going on, 
gas bubbles rose from the floor of the carboy to the 
surface of the water. Owing to a gentle swirling 
motion, the smaller bubbles occasionally came into 
contact with, and adhered to, the walls. During the 
2-minute interval, enough pin-point size bubbles 
were usually captured by the walls to give an almost 
continuous line marking each level below the top- 
most. Such lines could usually be seen while the 
next litre of water was being poured in; at least 
once, however, they did 
not appear until some time 
later, perhaps because the 
bubbles adhering were in- 
itially so small as to escape 
observation. The bubbles 
eventually grew to a dia- 
meter near 1/8 in., where- 
upon they escaped into the 
gas space over a period of 
days. Those marking the 
upper levels disappeared 
first, probably because the 
buoyant force acting on 
them was greatest. (Dis- 
appearance of the bubbles 
owing to re-solution of the 
carbon dioxide seems less 
likely.) The phenomenon 
was observed also in «4 
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ecarboy the walls of which had been wet before the 
experiment was begun. 
HERMAN A. LIEBHAFSKY. 
Lester B. Bronx. 
Research Laboratory, 
General Electric Company, 
Schenectady, New York. Sept. 2°. 


Origin of the Trimerous Perianth 


THE trimerous perianth being one of the character- 
istic features of the monocotyledons, its origin is an 
important problem of floral morphology. Salisbury’, 
from detailed studies of meristic variations among 
the floral parts of the Ranunculacee and Helobiales, 
has come to the conclusion that trimery is really the 
most primitive condition among the angiospermous 
flowers. The pentamerous whorl, according to him, 
has evolved from two trimerous whorls by the fusion 
of one member of the outer and one member of the 
inner whorl. A study of the vascular anatomy of 
the male flowers of Myristica fragrans Houtten, Fam. 
Myristicacex, however, leads to a quite contrary view. 
This family is phylogenetically not far removed from 
the Ranunculace and is usually included among the 
Ranales. Its diwcious flowers possess a tubular or 
campanulate perianth, which divides above generally 
into three lobes. The serial transverse sections of 
the male flowers of Myristica fragrans show that the 
trimerous perianth is supplied by ten vascular traces 
(Fig. 1). Such a vascular supply is clearly of a pent- 
amerous whorl. 
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Myristica fragrans 
1, transverse section of a male flower showing ten perianth traces ; 
2, the same at a higher level after division of the perianth tube 
into three valvate segments. In the centre is the anther-bearing 
column. 


There is thus in this case evidence that the trimerous 
perianth has been derived from a pentamerous whorl. 
How the change has occurred is not shown so defin- 
itely, but the size of the perianth-lobes points the 
way. Two of the perianth-lobes are much larger 
than the third (Fig. 2). This suggests that each of 
the larger lobes has been derived from the fusion of 
originally two separate perianth leaves. The per- 
sistence of the original pentamerous vascular supply 
even after the establishment of the trimerous con- 
dition in the perianth also favours the view that the 
change has been brought about by the fusion of 
certain parts rather than by the suppression of two 
members. 

A. C. JOsHti. 

Benares Hindu University. 

Aug. 1. 
1 Salisbury, E. J., Ann. Bot., 38, 47 (1919); 84, 107 (1902); 40, 419 
(1926); 45, 539 (1931). 














RESEARCH ITEMS 


Salmon of the River Shannon 


Arruur E. J. Went has continued his researches 
on Irish salmon (Proc. Roy. Irish Acad., 49, Sect. B, 
No. 9; 1943). The work was undertaken in order 
to ascertain the differences in the stocks since the 
completion of the great dam at Partean on the River 
Shannon in 1929, which marked the beginning of a 
new stage in the history of the river as a habitat for 
salmon. After a few years the stocks of salmon in 
the river had decreased considerably in consequence 
of the construction and early operation of the hydro- 
electric plant. Apart from this decrease in numbers, 
which was of considerable importance both biologic- 
ally and commercially, there is ample evidence that 
the characters of the stocks have also changed within 
the past twelve years or so. In 1940 a new fishing 
weir, known as the Thomand Weir, was completed, 
and this provided satisfactory facilities for the col- 
lection of suitable material for study. The incoming 
populations of the years 1927 and 1928 were compared 
with those of 1941. The incoming populations of 
1941 were well conditioned and differed little from 
the pre-1929 runs. The following differences were 
found in the 1941 stock: average age of the smolts 
somewhat higher ; a much larger proportion of grilse 
in the total runs; a much larger proportion of the 
total catch taken in June; total age of the fish 
more than a year less, three-year old fish predomin- 
ating instead of four-year olds; and a considerable 
decrease in average weight due to the greater pro- 
portion of grilse. 


Australian Freshwater Mollusca 


Tom IrepALE has produced a “Basic List of the 
Freshwater Mollusca of Australia” (Contributions 
from the Australian Museum, Sydney, N.S.W., 
Australian Zoologist, 10, Part 2; 1943). This is a 
sequel to the list of land Mollusca previously pub- 
lished in the same journal. The fundamental idea 
is to determine the relation between shell and environ- 
ment. The shell characters vary much according to 
habitat. The study is of undoubted value, for many 
of these snails might serve as hosts for economically 
important parasites, especially trematodes. Some 
systematists may doubt whether the introduction of 
sO many new generic and specific names can have 
any useful purpose, and they will hope that such 
names are not generally adopted without the most 
careful consideration. 


Polyploidy in the Red Aigz 


In the Floridean red alge, in addition to the usual 
haplobiontic and diplobiontic types of life-cycle, 
using the terms suggested by Svedelius, a few species 
bear sexual organs and tetrasporangia on the same 
filaments. In Spermothamnion Turneri (Mert.) 
Aresch., Miss Drew (Ann. Bot., 7, 25; 1943) finds 
sexual organs on tetrasporic and on normal haploid 
plants, and also on the haploid individuals degenerate 
sporangium mother cells. Since sex cells occur on 
haploid and diploid plants, the carposporophyte may 
be diploid, triploid or tetraploid; the diploid and 
triploid carpospores are viable, but tetraploid plants 
have not been recognized. The only previous case 
of triploidy in a member of the Floridex was reported 
by Drew in 1939 in Plumaria elegans, where the 
plants are maintained by paraspore production. In 
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Spermothamnion Turneri the triploid plants <' not 
appear to fit into the life-cycle, though some ev lence 
suggests that tetraspores may be formed on ‘hem, 
Miss Drew has studied this species in Great | \ritain 
and at Wood’s Hole, and triploid plants have been 
found on both coasts. It is of interest to rec: znize 
these cases of polyploidy in Floridex, and cyto! gical 
investigation of other aberrant types should prove 
of interest. Such studies also emphasize the » »ility 
of plants of this group to produce similar plan‘: and 
reproductive organs irrespective of the cyto! gical 
condition of the tissues. 


Sweet Clover Hybrids 

W. K. Smrru (J. Hered., 34, 134; 1943) finds that 
the sweet clover hybrids M. alba x M. dentaia are 
chlorophyll-deficient and soon die. By grafting these 
hybrids on M. officinalis they were raised to maturity 
and a few seedlings obtained by backcrossing the 
hybrids to M. alba. These backcross progeny are also 
weak, but it may be possible to transfer by this 
novel method the coumarin-free character of M. 
dentata to M. alba and thus provide a valuable 
economic plant. It is interesting to note that there 
appears to be stock-scion incompatibility between 
some plants of M. officinalis and the hybrids. 


High Rate of Mutation 


K. Mampett (Proc. U.S. Nat. Acad. Sci., 29, 137: 
1943) finds that the progeny of a pair of Drosophila 
pseudo-obscura Race B had an abnormally high rate 
of mutation. About 2,000 mutations and nearly all 
types of characters have been found. A gene ‘mutator’, 
probably located on chromosome II, appears to be 
responsible for the increased mutation-rate. When 
heterozygous, the rate is 34 times that of the normal 
rate, and when homozygous it increases the rate 
70 times: there is a linear response to loss of gene. 
The significance of such gene effects in evolution is 
important. 


Instrument Transformers 


In a paper on this subject read in London before 
the Institution of Electrical Engineers on November 
19, A. Hobson discusses ratio and phase-angle errors 
and means whereby improved accuracies may be 
obtained. Section 1 describes a new method of 
reducing current-transformer errors, using a com- 
pensator which may be either an integral part of the 
transformer or a separate unit for use with an exist- 
ing transformer. The compensator employs normal 
design principles and does not depend on highly 
critical conditions such as saturated cores. Very high 
accuracies are obtained; and standard transformers 
may be constructed having almost unmeasurably 
small errors over the whole current range, using the 
most sensitive testing equipment. In Section 2 4 
method of testing voltage transformers is described 
in which the Arnold current transformer equipment 
may be adapted for this purpose.. The set measures 
the difference in error between a standard and the 
test transformer. Section 3 deals with the estimation 
of the errors of three-phase star/star voltage trans- 
formers at their working burdens, from the results of 
tests at unity-power-factor burdens. Two methods 
are given, the first using the six phase-to-neutral test 
results usually provided by manufacturers, and the 
second, in which no three-phase calculations are in- 
volved, using the results of twelve special tests if 
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three phases are to be loaded or of six tests if only 
two phases are to be loaded. 


Stellar Continuous Spectra 


A PROTRACTED investigation of the continuous 
radiation emitted by stars has been conducted in 
France during the last decade by MM. Barbier and 
Chalonge and their collaborators. The work was 
finished just before the German occupation and the 
results have apparently been printed in Annales 
d'Astrophysique (4, 1; 1941). A corrected proof has 
now reached the United States, and an article by J. L. 
Greenstein (Astrophys. J., 97, 445 ; 1943) summarizes 
the authors’ conclusions, and reprints in full their 
numerical results. The measurements were made on 
the energy distribution in the ultra-violet spectra of 
204 stars, mostly of the early types, and are given 
in the form of two spectrophotometric gradients 9, 
and 9, for the regions to the red and to the violet 
of the Balmer limit respectively. Zero points for the 
observed gradients were obtained by comparing the 
spectra of the stars with the continuum given by 
hydrogen discharge tubes, which were themselves 
frequently compared with standard filament lamps. 
The tabulated gradients have an average probable 
error of about -+0-04 for spectral types earlier than 
G0. Also tabulated are the values of the discon- 
tinuity D in the logarithm of the intensity on crossing 
the Balmer limit: on the average, these have prob- 
able errors of +0-01. The mean gradients for 17 
normal AQ stars are given as 9,= +1-00 (colour 
temperature 16,500° KK.) and 9,= +1-39 (colour 
temperature 10,500° K.), the uncertainty here being 
of the order of +0-10 owing to the great difficulty 
experienced in accurately comparing the blue 
hydrogen tubes with the reddish filament lamps. 
Several variable stars were studied, and the effect of 
interstellar absorption on the shape of the energy 
distribution curves of reddened stars is discussed. 
The results throw doubt on the A~ law of interstellar 
absorption, which had been thought to be fairly well 
established. The paper concludes with a valuable 
table giving statistical data (9,, 9,, D and their 
standard deviations) for normal stars arranged 
according to spectral type. 


Movements in Chromospheric Eruptions 


M. A. Extrson has used his spectrohelioscope at 
Sherborne during the past two years to collect 
information on the lateral and vertical movements of 
chromospheric eruptions (Mon. Not. Roy. Astro. Soc., 
103, 1; 1943). 187 measures were made, on twenty - 
two eruptions, on the average at three-minute inter- 
vals, and the means show a red-shift for all values of 
line-width lying between 1-75 and 5 A. The red- 
shift is intimately connected with the growth and 
decay of each eruption, and is not inherent in the 
bright hydrogen from which the eruption is generated. 
Various reasons are given to show that a Doppler 
interpretation is very improbable, and it is suggested 
that the red-shift is an effect of asymmetry in the 
contour arising from increased absorption on the 
violet side of the emission line. On the supposition 


that the eruption is a centre from which matter 
capable of producing absorption is being expelled, it 
is probable that the amount of this matter and also 
the absorption produced by it will increase with the 
line-width and intensity of the eruption in accordance 
with the observations. The growth and decay of 
line-width during the progress of ten eruptions show 
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that there is the same general sequence for all erup- 
tions, namely, a rapid rise to maximum brightness 
and line-width is followed by a slow decline, the dura- 
tions of rise and fall being in the ratio of about 1 to 
4. In 95 eruptions there were no cases where lateral 
movements could be detected with any certainty. 
Where there were apparent lateral movements a 
satisfactory explanation could be found either by 
outward diffusion or by the fading of one part of the 
bright emission followed by an increase in brightness 
of an adjacent part. 


Photographic Observations of Comets at Riverview College 

Observatory 

D. J. K. O’ConNELL has described the results of 
the photography of five comets, Comet Finsler (1937/), 
Comet Kozik-Peltier (1939a), Comet Cunningham 
(1940d), Comet de Kock (1941c) and Comet van Gent 
(1941d) (Mon. Not. Roy. Astro. Soc., 103, 4). The 
instruments used were a 6 -in. lens (focal length 
130 em.) and a 4-in. Ross-Grubb-Parsons lens (focal 
length 46 cm.), and, except for the plate of Comet 
van Gent, the telescope was guided on the comet. 
The plates were measured on the measuring machine 
at Mount Stromlo Observatory, by permission 
of Dr. Woolley, and the reduction was made by 
a method described by Dr. Comrie (J. Brit. Astro. 
Assoc., 39, 203 ; 1929). Each plate was reduced with 
two sets of three comparison stars, and a table gives 
the results of each solution, together with the com- 
parison stars and their respective dependences. 


Gradients and Colour Temperatures of y Cassiopeiz 

D. L. Epwarps has described the results of colour- 
temperature observations at the Norman Lockyer 
Observatory of y Cassiopeiw from June 1938 to 
October 1941, using objective-prism spectra of § and 
y Cass. (Mon. Not. Roy. Astro. Soc., 103, 4). Although 
the comparison star, § Cassiopeia, is a variable, the 
range of magnitude is only 0-07, and it is probably 
of Algol type, so there seemed to be no reason why 
it should not be used for a gradient comparison, 
and it is probably devoid of temperature variation. 
The instrument used was the 12-in. McClean prismatic 
camera, stopped down to 4 in. to give convenient 
exposure time, and adjusted to give the spectrum in 
good focus at regions near Ha and Hy. The instru- 
ment has a dispersion of about 32. A./mm. at Hy. 
Fast panchromatic plates which were specially made 
for the purpose were used, and these were sensitive 
to approximately 7000 A. The results are shown in 
a table which gives the gradient difference between 
the two stars in the sense y-8, after correcting for 
atmospheric extinction, the absolute gradient of y, 
and the corresponding colour temperature, this latter 
being obtained by assuming the point 1-00 for the 
Greenwich zero. There is at first a fairly rapid 
decrease of gradient, implying an increase in colour 
temperature, and this continued until April 1939, 
after which there was a sudden change, with a slight 
average increase followed by a further fall in absolute 
gradient to a minimum in February 1940, when the 
temperature reached the high value of more than 
24,000°. An interesting relation exists between 
gradient and the number of Balmer emission lines 
in the spectrum during one stage of the star’s out- 
burst, but this relation does not appear to be perma- 
nent. Various changes in the spectrum accompanied 
the gradient changes, a few of which are mentioned, 
but a detailed description of these will be dealt with 
in a later paper. 
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BINOCULAR AND UNIOCULAR 
THRESHOLD OF VISION 


By Dr. MAURICE HENRI PIRENNE 
Psychological Laboratory, University of Cambridge 


T has been recently discovered' that, on account of 

the quantum nature of light, there occur at the 
absolute threshold of vision fluctuations of a purely 
physical nature which are large enough to account 
quantitatively for the variability of the response of 
the organism to the stimulus. The large magnitude 
of these fluctuations is due to the extreme smallness 
of the number of quanta which are active at the seat 
of action of light upon the nervous system, that 
is, which are actually absorbed by the retinal rods 
(5-14 quanta as an upper limit). Thus at the thres- 
hold, the magnitude of the physical stimulus varies 
at random from one trial to the next even when 
conditions are kept rigorously constant. Variations 
in the sensitivity of the organism may also occur, 
but clearly the physical fluctuations dominate the 
situation. 

This of course refers to the uniocular threshold. 
Now, as regards the binocular absolute threshold, 
which is known to be slightly lower than the 
uniocular*, the random nature of the stimulus 
variability suggests the following possibility. Defining 
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pilocarpine was used to contract the pupils to © fixed 
size, the results were similar in nature, as can be geey 
from the accompanying table. 

According to the suggestion formulated «boye, 
theoretical calculations of the frequency of eeing 
with both eyes in terms of the frequency of sceing 
with the left and with the right eye were made Le 
PL, PR and pz be the probabilities of seeing with the 
left, with the right and with both eyes, Assume that 
the probabilities pz and pr are independent, It then 
follows from the definition of probability that 

pp=1—(1—pz)(1—prR)=PR+PL—PLPR (1) 
As an approximation to py and pr, the observed 
frequencies of seeing with the left and with the right 
eye were used. The fifth column of the table contains 
the values so obtained. In a series of nm flashes the 
standard deviation of the frequency of seeing to be 
expected theoretically on the basis of random varia. 
tions is equal tos = Yp(l — p)/n. The values of o 
are given in the last column of the table. 

The table summarizes a number of experiments 
made on various dates. In experiments I to IV it is 
seen that the differences between the observed bin- 
ocular frequencies fg and the calculated values of 
Pp are of a magnitude to be expected according to 
the values of the standard deviation o. The con- 
clusion to be drawn, therefore, is that, within the 
experimental error, the facts agree with the hypo- 


' 





| ! 
Experiment No. — - — +———_—- ———- ps calculated SR-ps o 
Left eye Right eye | Both eyes (fa) | 
nc, eee = = a Es . te SE a aa 7 : 
I 20/50 = 0-40 | 23/50 = O46 | 75/100 = 0-75 | 0-68 | + 0-07 0-047 
II 2/50 0-04 | 10/100 0-10 | 13/100 0-13 0-136 0-006 | 0-035 
If. log. brightness 1-1 } 11/25 =O-44 | 2/25 = 0-32 | 14/25 = 0-56 0-62 0-06 0-10 
log. brightness l-4 21/25 0-84 22/25 0-88 25/25 = 1-00 0-98 | +o 0-028 
IV (pllocarpine) 6/25 0-24 1/27 0-37 | 12/25 — 0-48 0-52 | 0-04 0-10 
\ log. brightness = 1-0 25/126 0-198 | 71/275 0-258 62/164 0-378 0-405 — 0-027 | 0-038 








Measurements recorded on one horizontal line were made at one brightness level. 


The numerator of the fractions is the number of flashes seen, the denominator is the total number of flashes tried 


with the left eye, 20 out of 50 flashes were seen. 


for example, in I, 


Each experiment was made at one sitting, except experiment V (see text). 
Log. brightness = 1-0 (arbitrary units) corresponds to an actual test field brightness of 0-0047 e.f.c. 


the brightness threshold as the brightness at which 
the probability of seeing the light flashes is, for 
example, 0-50, we may ask whether the binocular is 
not lower than the uniocular threshold simply because 
the probability of receiving one stimulus of sufficient 
magnitude is greater when the subject is using two 
eyes than when he is using one, the two eyes acting 
as independent light detectors. It must be remarked 
here that “the fact that with two eyes there is a 
greater probability of the test field being seen than 
with one eye”’ has already been stated by Crawford* 
as an explanation in general terms of the small 
differenee between binocular and uniocular absolute 
thresholds which he observed under static conditions, 
but the idea does not seem to have been further 
elaborated. 

I have made experiments to test the above hypo- 
thesis in the particular case of the threshold of a 
small peripheral region of the dark-adapted eyes. 
The conditions resembled those used in the investiga- 
tion by Hecht, Shlaer and Pirenne’.. The circular test 
field (opal glass, 10’ in diameter) was placed 20° 
below a fixation point ; it could be illuminated with 
white light for durations of 4 milliseconds. In each 


experiment the frequency with which the subject saw 
the flash with the left, with the right and with both 
eyes, at one or several brightness levels, was recorded. 
The natural pupils were generally used. 


When 





thesis stated above. It may be pointed out that the 
reasoning would hold as well if the variability of the 
response were due primarily to biological, not to 
physical, fluctuations, provided the probabilities p, 
and pp are still independent. 

If complete summation were to exist, the two eyes 
would behave as a single unit and the same result 
would be achieved by exposing both eyes to a certain 
brightness or exposing one eye to twice that bright- 
ness. In experiment III it was found that doubling 
the brightness of the flash in one eye raised the 
frequency of seeing from an average of 0-38 to an 
average of 0-86, while the binocular frequency for 
the former brightness was found to be only 0-56. 
This rules out complete physiological summation, and 
shows that the possible amount of partial summation, 
the existence of which cannot be ruled out because 
of the inaccuracies of the measurements, must be 
small in degree. 

It is not practicable at one sitting to make enough 
trials to obtain accurate uniocular and binocular 
frequency curves. However, in a number of experi- 
ments done at intervals during a period of ten con- 
secutive days, it was found that the frequencies of 
seeing obtained on different days did not show 
statistically significant differences: the results were 
accordingly treated as if they had been obtained at 
a single sitting. Experiment V represents the aggre- 
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os 1.0 Ls 
LOG BRIGHTNESS 

THE THREE EXPERIMENTAL POINTS FOR LOG BRIGHTNESS = 1-0 
REPRESENT THE VALUES OF ExP. V. THE OTHER EXPERIMENTAL 
POINTS CORRESPOND, FOR BOTH EYES, TO 85 FLASHES EACH 
(EXCEPT AT 0-6, WHERE IT WAS 50); FOR THE LEFT EYE, TO 50 
FLASHES OR A FEW MORE EACH (EXCEPT AT 1 ‘62, WHERE IT WAS 28). 

BOTH EYES; + RIGHT EYE; X LEFT EYE. 


gate result for the brightness level at which the 
largest number of flashes was tried. The observed 
binocular frequency agrees with the calculated one 
well within the standard deviation, which in this case 
is less than 4 per cent. Now it was found that the 
experimental frequency curve determined for the left 
eye agrees fairly well in shape with the theoretical 
curve calculated! on the basis of the Poisson equation 
for a retinal threshold n = 6 quanta. The same 
applies to the right-eye curve—the experimental 
points here have been obtained with fewer trials and 
are not reproduced in the figure. The following steps 
were then taken. First, theoretical curves R and L 
for mn = 6 were drawn through the two points repre- 
senting the uniocular data of experiment V. Secondly, 
the theoretical binocular curve B of pz was calculated 
point by point in terms of the curves R and L, using 
equation 1. Finally, comparing with this curve B 
the experimental points for the binocular frequency 
of seeing, it is found that there is good agreement 
between the two. The data, therefore, fit the theory 
while making its implications clearer. The figure 
shows that, notwithstanding the absence of physio- 
logical summation, the binocular threshold as defined 
above is about 0-1 log unit below the mean of the 
uniocular thresholds. Again, the binocular frequency 
curve is steeper than the uniocular: the threshold 
for two eyes is more sharply defined than the threshold 
for one eye. 

Under the present conditions, therefore, the results 
show that the barrier to be overcome by the stimula- 
tion must be situated below the fusion level of the 
nervous paths of the two eyes. The outcome of the 
experiments would be the same if the two eyes 
belonged to different persons, the flash being seen 
when at least one of the two persons has seen it. 
The situation closely resembles that found by 
Sherrington* in the case of binocular flicker. 

The above, however, may not hold good under 
different sets of conditions*. The investigation will 
be continued when circumstances allow. Application 
of the same conceptions to the interaction between 
different regions of one retina also suggests itself, and 
is likely to have a bearing on the theory of all fre- 
quency of seeing curves. 

I should like to thank Prof. F. C. Bartlett, Prof. 
E. D. Adrian, Dr. W. A. H. Rushton and Dr. K. J. W. 
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Craik for their constructive criticisms. The apparatus 
used was purchased by the Medical Research Council. 
I am much indebted to Prof. Bartlett for the hos- 
pitality he gave me in his laboratory. 

' Hecht, 8., Shiaer, 8., and Pirenne, M. H., Science, 98, 585 (1941) ; 
J. Gen. Physiol., 25, 819 (1942). Hecht, 8., Bi Symposia, 
VII, “Visual Mechanisms” (Lancaster, Pa., 1942); J. Opt. Soc. 
Amer., 32, 42 (1942). 

* Crawford, B. H., Proc. Roy. Soc., B, 188, 552 (1940). 

* Sherrington, C. 8., “The Integrative Action of the Nervous System” 
(London, 1909). 


PARASITOLOGY IN FREE CHINA 


TYPEWRITTEN copy of Acta Brevia Sinensia, 

No, 4, edited by the National Science Society of 
China (editor, Mr. Chentze H. Wu, Department of 
Physiology, College of Medicine, National Central 
University, Chengtu, Szechwan) has reached us by 
courtesy of the British Council, It contains an 
interesting article by K. Chang on parasitological 
research in free China. 

Until recently, says the author, there was no 
medium in free China for the publication of original 
research in parasitology, and investigators in Szech- 
wan have been cut off from the literature and have 
worked under very adverse conditions. Little has 
been done in the past on the parasites and parasitic 
diseases of man and animals in north-west, south- 
west and west China. Malaria has been a scourge in 
parts of south-west China, and the China-Burma 
Highway has aggravated the importance of this 
problem. American and other workers have studied 
it during the present War and have concluded that 
malaria is endemic in south-west China and that the 
malignant tertian parasite (Plasmodium falciparum) 
is responsible for 15-95 per cent of the cases. Plas- 
modium vivax and P, malarie also occur, and P. ovale, 
described by Stephens in East Africa and thought by 
some to be a variety of P. vivax, has been recorded for 
the first time from China. Anopheles minimus is 
the chief yector of malaria, but a new species of 
malaria-carrying mosquito, Anopheles kweiyangensis, 
has been described from Kweiyang by Y. T. Yao 
and C. C. Wu. 

Other protozoological work describes in Pehpei, 
near Chungking, a disease allied to Tsutsugamushi 
disease and caused by a Theileria-like organism ; an 
endemic focus of kala-azar in the Sian region of 
Shensi province; and studies on the rather low 
incidence of Entameba histolytica (5 per cent) in 
Szechwan, a curious result in the humid mild climate 
of this region ; in North China with a dry climate and 
much better sanitation the incidence is 10-25 per 
cent, which is comparable with the 10 per cent 
incidence in the United States. Examination of 
wild rats in Chengtu, Szechwan, failed to reveal 
E. histolytica in them. 

Helminthological work includes investigation of 
the endemic foci of schistosomiasis in Futsing, 
Fukien Province, and in the Tali-fu region in Yunnan. 
There is also the endemic area in the Yangtse Valley. 
Cases also occur in the Chengtu plain of Szechwan. 

Fasciolpsis buskii has been found in Kunming, 
Yunnan, in eleven school-children and in one pig. 
Studies of hookworm disease show it to be an 
important problem in Szechwan and in Pehpei, near 
Chungking. Its relation to some local agricultural 
practices which favour its spread have been studied. 
Hymenolepis nana, which is not common in China, 
has been found in 2-4 per cent of persons examined 
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in Sian, Shensi Province. Trichostrongylus orientalis 
has been found to be very common in Szechwan, 
50 per cent of persons examined harbouring it in 
some localities; 11-7 per cent of school-children 
examined at Chengtu, Szechwan, were infested with 
Enterobius vermicularis. Ascaris lumbricoides has 
been found to be very widely distributed in Szech- 
wan, with an incidence of 84-5-95-5 per cent. The 
average worm-burden is 8-50 worms, but some 
children may harbour 100-150 Ascarids. The fer- 
tilization of crops grown near houses with night soil 
is regarded as the most important epidemiological 
factor ; less significant are the eating of raw or partly 
cooked vegetables and promiscuous defecation. 
Under urban conditions pickled vegetables can 
transmit the infestation. Ascaris eggs were found 
to complete their embryonation after 60 days 
immersion in wine, vinegar, sauces, etc. 

Finally, the Indian rat-flea, Xenopsylla cheopis, 
which is the principal vector of plague, has been 
found to be very common in Chengtu, Szechwan. 
The public health importance of flies is being studied 
and also the parasites of dogs, cats and other domestic 
animals. 

It is evident that parasitologists of Free China are 
doing admirable work under very difficult condi- 
tions. The sympathy of everyone will go out to 
them, and practical help should be given from every 
quarter possible. There must be excellent candidates 
among them for the postgraduate training established 
at Cheloo University and the National Kiangsu 
Medical College. G. LAPAGE. 


THE ROYAL OBSERVATORY, 
GREENWICH 
ANNUAL REPORT 


HE Annual Report of the Astronomer Royal to 

the Board of Visitors of the Royal Observatory, 
Greenwich, deals with the period May 1, 1942—April 
30, 1943. Astronomical work at Greenwich has been 
confined to observations recently re-started on the 
Airy transit circle, the normal solar work on the 
photoheliograph and spectrohelioscope, and some 
special observations of the partial solar eclipse of 
September 10, 1942, and of certain lunar occultations. 
The time service, as in the previous year, has been 
shared between two out-stations, the locations of 
which are not disclosed. Routine meteorological 
observations are still made at Greenwich, and the 
magnetic work continues at Abinger. The Chrono- 
meter Depot and the Nautical Almanac Office are also 
operating away from Greenwich. 

Echoes of the War can be detected even in such a 
report as this. The Nautical Almanac Office has 
been engaged on computations for the Service Depart- 
ments to such an extent that astronomical work has 
been restricted to the minimum required for the con- 
tinuance of the various almanacs. It needs little 
imagination to see why work has been recommenced 
on the “Astronomical Navigation Tables”, which are 
being extended up to 79° N.; while as the result of 
an extended visit from staff of the Director of Navi- 
gational Training (Air Ministry), modifications are to 
be incorporated in the “Air Almanac” which should 
make it even more useful to the practical navigator. 
New editions of the Admiralty magnetic charts have 
been published, and an analysis of the residuals 
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between observed and computed values 


f th 
various data has been undertaken to obtain i) “ 


, - orma. 
tion about the -regions where the chart valves ar, 
most uncertain. In the polar areas, where ©! serya. 


tions are few but where information is nee Jled ji, 
war-time, the computed values are used as 4 guitle 
in drawing the isomagnetic lines. Growing recog. 
nition of a close correspondence between solar « tivity 
and radio communication is emphasized | y the 
establishment of liaison between the Observatory 
and certain radio organizations. The est mated 
times of central meridian passage of large s: "spots 


are now telephoned, for example, to the Radio 
Research Station of the National Physical Laboratory, 
to. the British Broadcasting Corporation, and io 


Cable and Wireless, Ltd. 

It is perhaps in the section dealing with the time 
service that the matter of greatest general interest js 
to be found ; here certainly the biggest changes are 
forecast. It is clear from this report that the Time 
Department of the Observatory, partly as a result of 
increased demands from radio communication ser. 
vices, partly from other war-time needs, is in process 
of drastic modification and extension. Experience 
with the dual system of operation mentioned above 
has clearly demonstrated the desirability of pro- 
viding for two stations as a permanent measure. A 
Post Office line giving direct communication between 
the stations for 57 minutes in each hour is now 
available and greatly facilitates the combination of 
data. Short-wave signals are now radiated simul. 
taneously with the long-wave rhythmic signals from 
GBR, and of course the ‘six dots’ service to the B.B.(. 
and the control of the Post Office ‘talking clock’ 
continue. A modification in the signal transmission 
procedure has been introduced for the purposes of 
frequency checking : the rate of the precision signals 
is now kept as near zero as possible. Should subse- 
quent data show that a signal already emitted is in 
error (perhaps as the result of a long extrapolation), 
the correction will be made not gradually but in a 
jump, the signals then continuing with a zero rate as 
nearly as possible. 

Two fundamental changes in the control of the time 
service are forecast in the report. The first concerns 
the standard clocks. As has been shown elsewhere 
(Mon. Not. Roy. Astro. Soc., 103, 196; 1943), quartz 
crystal clocks are affected by short-period erratics 
much less seriously than are pendulum clocks. The 
occurrence of continual unpredictable changes of rate 
which, when integrated, produce disturbingly large 
‘wandering’ in pendulum clocks can be greatly reduced 
by the use of quartz clocks. Prediction of clock 
error in cloudy weather can thus be made much more 
certain than it is at present, and it is already the 
practice to base the time service fundamentally on 
quartz clocks now established at other institu- 
tions, and to use the Observatory pendulum clocks 
as sub-standards. The report states: ‘The present 
standard of accuracy calls for the elimination of 
existing pendulum clocks from the operation of the 
time service at the earliest possible moment’’. The 
second change concerns the observational contro! of 
the standard clocks: the Astronomer Royal fore- 
casts the supersession of visual time observations on 
the present standard type of transit'‘instrument. It 
is believed that a photographic telescope, perhaps of 
the zenith tube type, should be less liable to acci- 
dental errors, and possibly also to systematic errors, 
than the visual instrument. 


It is evident that the p:~ ent trend on the time- 
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keeping side of the service is towards electronic rather 
than electro-mechanical equipment; and on the 
observational side towards the impersonal photo- 
graphic plate rather than the over-fallible human 
senses. As always, the attainment of extreme pre- 
cision is costing much effort ; and if there exists any 
fleeting regret at the passing of the pendulum, which 
has served us well for nearly three centuries, it 
should be allayed by increasing confidence in the last 
decimal place of the published time-signal corrections. 


WAVE GUIDES IN ELECTRICAL 
COMMUNICATION 


T a meeting of the Wireless Section of the Institu- 

tion of Electrical Engineers on November 3, a 
paper was presented by J. Kemp under the title 
“Wave Guides in Electrical Communication” ; this 
having been published prior to the meeting (J. Inst. 
Elec. Eng., 90, Part 3, No. 11; September 1943). 
With the continuous extension of radio research and 
application to increasingly higher frequencies, the 
electrical engineer is already making considerable 
use of wave guides in place of the more conventional 
pair of wires or a co-axial cable. The paper under 
consideration comprises a most valuable survey of 
the state of published knowledge on this subject and 
a good introduction for those who have to become 
familiar with this new technique in the immediate 
future. 

The fundamental theoretical principles of the 
propagation of electric waves inside hollow conductors 
or ‘guides’ have been known for nearly half a century, 
as a result of the investigations of Sir J. J. Thomson, 
Sir Joseph Larmor and particularly of Lord Rayleigh, 
who, in 1897, first dealt with the subject in a com- 
prehensive manner, and established the foundations 
of the theory on which the modern structure rests. 
Although Lord Rayleigh’s investigations were re- 
stricted to hollow metal tubes of infinite conductivity, 
of unlimited length and of arbitrary cross-section, 
he was able to show that two distinct classes of waves 
could be propagated down such a tube. These waves 
are distinguished by the fact that, in addition to the 
transverse electric and magnetic forces which accom- 
pany the transmission of waves along two parallel 
wires or a co-axial cable, there is a resultant 
longitudinal force, which is electric in one case (£- 
class wave) and magnetic in the other case (H-class 
wave). Corresponding to the various modes of vibra- 
tion of a circular membrane or of liquid in a cylindrical 
vessel, each of the above two classes of wave can be 
propagated in wave guides in various modes and 
orders, the essential features of which are described 
and illustrated in Mr. Kemp’s paper. 

Up to about 1930, the further investigation of the 
‘guiding’ action of conductors on electric waves was 
largely confined to the study of transmission line 
technique or of the propagation of waves round the 
surface of the earth. Owing to the fact, shown by 
Lord Rayleigh, that wave-guide transmission could 
only take place when the wave-length was of the 
same order or less than the cross-sectional dimensions 
of the tube, the practical development of the subject 
had to await the availability of means for the pro- 
duction of very short waves. The paper under con- 
sideration shows that, during the past eight years or 
so, much of the experimental investigation and de- 
velopment of wave-guide technique has been carried 
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out in the United States, notably by G. C. South- 
worth, 8S. A. Schelkunoff, W. L. Barrow and their 
co-workers. All this and other work are summarized 
in an admirable manner in Mr. Kemp’s paper, which 
describes and illustrates the way in which the various 
types of waves may be launched into guides, the 
attenuation and other conditions to which they are 
subject, and the means whereby they may be con- 
verted from one type to another, or may be amplified, 
detected and received for practical use. In addition, 
by providing suitably spaced apertures in a wave 
guide, or by terminating it in a flared horn of suitable 
size and shape, the wave energy propagated along 
the guide may be radiated into free space in the form 
of a concentrated or widespread beam analogous to 
the emission of longer waves from antenna arrays and 
reflector systems. Conversely, such horns may be 
used to receive incoming radiation and feed it into 
a suitable wave-guide on its way to the radio receiver. 

As the author of the paper under consideration 
points out, the prospective field of application of 
wave guides embraces various systems of communica- 
tion, providing telephone and television channels in 
numbers vastly exceeding those of any system of 
established type. When used in conjunction with 
horns, the guides may serve for broadcasting and 
television, for blind landing of aircraft, for detecting, 
locating and mancuvring of ships, and for other 
purposes such as radio telephone links, for which at 
present radiators and receivers of conventional type 
are used. The full extent of the field of application of 
wave guides will ultimately be governed by economic 
as well as technical considerations, and must there- 
fore remain largely a matter of conjecture; but, 
judged from the course the development has taken 
during recent years, it is likely that the field will be 
large and attractive. 





















































































ARCHAOLOGICAL EXCAVATION 
IN KASHMIR 


R. HELLMUT DE TERRA has issued an 
account of his investigations of the megaliths 
of Bursahom, Kashmir (Proc. Amer. Phil. Soc., 85, 
No. 5; September 1942). The valley of Kashmir 
has been, of course, of the greatest importance in 
Indian prehistory. It has been a channel through 
which cultures have penetrated southwards from 
west-central Asia on one hand and from the 
Tarim basin on the other. When the early Indus 
civilization, about which something is now known, 
thanks to the excavations at Mohenjo Daro, etc., 
began to wane, cultures from the far north gradually 
penetrated into northern India, and Kashmir was 
one of the routes taken by the immigrants. It is to 
be expected, then, that any early finds in Kashmir 
might well show foreign influences. 

Bursahom is situated on a hilltop composed of 
pleistocene material, and near by is a megalithic monu- 
ment recalling in shape a cromlech. Excavation 
revealed three layers. The uppermost yielded sherds 
belonging to the Buddhist period of the later Indo- 
Scythian dynasty of the fourth century. The second 
cultural level yielded hearths, loose stone founda- 
tions and five pits with urns containing the bones of 
pig and deer. Black burnished ware, decorated with 
incised geometric ornamentation, occurs. It is 
suggested that this culture shows influences from 
north-west or west-central Asia, and that the mega- 
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liths probably belong to this period. The oldest 
culture level yielded hand-made pottery with “‘textile- 
and-matt” design, as well as polished celts and bone 
tools. The pottery shows affinities with that known 
from Kansu and Turkestan; it suggests an Early 
Metal Age culture comparable with the Manchang 
ware culture of Kansu. 

Unfortunately, owing to the outbreak of the War 
and the fact that the finds had to be left at Srinagar, 
Dr. de Terra has had to depend on photographs and 
field notes for the description of the objects. But 
the article is of great interest, and the author is to 
be congratulated on having found time from his 
main pleistocene research in northern India to deal 
with a small but none the less important archxological 
investigation. M. C. B. 


FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 
Saturday, December I! 


BRITISH MYCOLOGICAL SocrgTy (at the Linnean Society, Burlington 
House, Piccadilly, London, W.1), at 2 p.m.—Dr. 8. P. Wiltshire : 
“The Organization of the Study of Systematic Mycology” 


Monday, December 13 


ROYAL GEOGRAPHICAL Socrety (at Kensington Gore, London, 
8.W.7), at 3 p.m.—Dr. Rudolf Bi¢ani¢: “Effects of War on Rural 
Yugoslavia”. 

INSTITUTE OF FURL (at the Central Station Hotel, Newcastle-upon- 
Tyne), at 5.15 p.m.—Dr. A. Parker: “The Work of the Fuel Research 
Board—its Achievements and Objects’’. 


Tuesday, December 14 

Rorat Society or Arts (DOMINIONS AND COLONIES SECTION) 
(at John Adam Street, Adelphi, London, W.C.2), at 1.45 p.m.— 
Mr. G. Martin: “Competitive Rubber Plants”’. 

CHADWICK PUBLIC LECTURE (at the Royal Society of Tropical 
Medicine and Hygiene, 26 Portland Place, London, W.1), at 2.30 p.m. 
~~Air-Commodore P. C. Livingston: “The Maintenance of Visual 
Efficiency in the Royal Air Force”’.* 

INSTITUTION OF CHEMICAL ENGINEERS (joint meeting with the 
CHEMICAL ENGINEERING GrovUP and the INSTITUTE OF OLEUM) 
(at the Geological Society, Burlington House, Piccadilly, London, 
W.1), at 2.30 p.m.—Mr. J. G. C. Boot: “Petroleum as a Base Material 
for Chemical Industry”’. 

Evesnics Soctery (at the — ~ Society 
dilly, London, W.1), at 5 p.m.—Dr. J. A. Fraser Roberts : 
tion Problems in the Light of Differential Fertility’’. 

INSTITUTION OF CIVIL ENGINEERS (ROAD ENGINEERING DIVISION) 
(at Great George Street, Westminster, London, 5.W.1), at 5 p.m.— 
Lieut.-Colenel 5. A. Mc mn: “The Alcan “Highway” A 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
5.15 p.m.—-Prof. J. C. Drummond: “Food Problems of the Post-War 
Years”, 4: “Food Education”.* 


Wednesday, December 15 


ROYAL SocreTy OF MEDICINE emir OF COMPARATIVE MEDICINE) 
(at 1 Wimpole Street, London, W.1), at 2 p.m.—*The Limitations 
and Uses of the Comparative Method in Medicine”, 2: “Animal 
Ecology and Genetics” (to be opened by Mr. M. A. C. Hinton, F.R.S. 
(Ecology), and Dr. H. Griineberg (Genetics) ). 


Thursday, December 16 


ROYAL IxsTITvuTIon (at 21 Albemarle Street, London, W.1), at 
2.30 p.m.—Prof. W. Perceval Yetts: “Links between Ancient China 
and the West—a Study of Exchanges in Material Culture”, 4: 
“Northern Nomads as Agents”.* 

LONDON MATHEMATICAL — (at Burlington House, Piccadilly, 
London, W.1), at 3 p.m.—-Dr. B. Segre: Arithmetic upon an 
Algebraic Surface”. 

Royal Soctgery (at Burlington House, Pi Piccadilly London, W.1), at 
4.15 p.m.—The Rt. Hon. Lord Rayleigh, F.R.8.: ‘“Pebbles, Natural 
and Artificial—their Sha rm 2 Various Conditions of Abrasion” 
Mr. 8. L. Smith and Mr. W. Wood: “Internal Stress Created by 
Plastic Flow in Mild Steel, a pues Staaie Curves for the Atomic 
Lattice of Higher Carbon ‘Steels 


Friday, December 17 


PuysicaL Society (in the Physics it of the Imperial 
College, Imperial Institute Road, South Kensington, London,8.W.7), 
at 4.30 p.m.—Presentation of the twentieth Duddell Medal to Mr. 
John Guild. Demonstrations. 

Royal InstTrrvtion (at 21 Albemarle Street sanien, Ds 1), at 
5 p.m.—Mr. Philip Guedalla: “The Evolution of Air 

INSTITUTION OF MECHANICAL ENGINEERS (at Fawn "8 “Gate, St. 
James's Park, London, 5.W.1), at 5.30 p.m.—Mr. N. R. Neal : “A ppli- 
cation of Statistical Methods to the Control of Industrial Costs” ; 
Mr. J. C. Edwards and Mr. W. A. Bennett: “Inspection Efficiency” : 
Mr. A. W. Swan: “Sampling Schemes for Accept-Reject Inspection”. 


Burlington House Picca- 
“Popula- 
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Saturday, December 18 


INSTITUTE OF PHYSICS (ELECTRONICS GROUP) (at the Royal s 
Burlington House, Piccadilly, London, W.1), at 2.30 p.m.- 
Janossy: “Cosmic Rays” 

ROYAL PHOTOGRAPHIC SocteTY (SCIENTIFIC AND TECHNICAL 
(joint meeting with the ASSOCIATION FOR SCIENTIFIC PHOTOG 
(at 16 Prince’s Gate, South Kensington, London, 8.W.7), 
p.m.—Exhibition of Scientific Photographic Apparatus. 


cS 
: 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on o 
before the dates mentioned : 

SeconD TECHNICAL ASSISTANT (temporary) in the Agricultural 
Economics Department—The Secretary, Edinburgh and East of Seot. 
land College of Agriculture, 13 George Street, Edinburgh (Decem T14), 

FIELDMAN to assist the Advisory Chemist—The Registrar, 
University, Leeds 2 (December 14). 

ASSISTANT MASTER to take MACHINE DRAWING and DBSIGN, and 
MATHEMATICS to Senior National Certificate standard, and Pra 
MACHINE SHOP WorK in the Junior Technical Schoo!—The Principal, 
Wolverton Technical College, Wolverton, Bucks. (December 17). 

ASSISTANT MASTER or MISTRESS to teach MATHEMATICS and PRac 
TICAL GEOMETRY at the Willesden Technical College, Denzil 
London, N.W.10 (Junior Technical School of Building)}— Dr. E. Da 
Education Offices, Vernon House, 163 Willesden Lane, London, N.W, 
(December 18). 

JUNIOR SCIENTIFIC OFFICER in the X-Ray and Radium Depart ments 
at St. Bartholomew's Hospital—The Clerk to the Governors, St, 
Bartholomew's Hospital, London, E.C.1 (December 18). 

ScreENCE MASTER, mainly for CHEMISTRY, up to University Scholar 
ship standard, at the City of London School—The Town Clerk, 55-6] 
Moorgate, London, E.C.2 (January 12). 

CHAIR OF CHEMISTRY—The Principal, University College of Wales, 
Aberystwyth (January 15). 

REGIUS PROFESSOR OF ZOOLOGY at Glasgow University—The Private 
Secretary, Scottish Office, Fielden House, 10 Great College Street, 
London, 8.W.1 (January 17). 

ASSISTANT LECTURER FOR SCIENCE AND MATHEMATICS (and, 
| wg some Physical Training}—The Principal, County Tech 

hool, Halesowen, Worcestershire. 

ASSISTANT MASTER (graduate) FOR MATHEMATICS, ScIENCE and 
DRAWING, at the Aston-under-Lyne Junior Technical School for Boys 

~The Director of Education, 8 Warrington Street, Ashton-under 
Lyne, Lancs. 

TECHNICAL ASSISTANT AND LABORATORY STEWARD for the Depart- 
ment of Botany—The Bursar, University College of North Wales, 

or. 

LABORATORY ASSISTANT for the 
Principal, Chelsea Polytechnic, Manresa R: 


se DEPARTMENT—The 
oad, London, 8.W.3. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Essential Principles for the Reconstruction of Post-War Education, 

A Memorandum by the National a of ~~. ors of Schools 
and Educational Organisers. . : National 
Association of Inspectors of Schools nae neational Organisers.) 
i 


3d. 
University of London: University College. Calendar, Seasion 
1944. Pp. 134+xxv. (London: Taylor and Francis, Ltd.) Mal 
Reports of the Progress of Applied Chemistry. Issued by the a 
of Chemical Industry. Vol. 27, 1942. Pp. 546. (London: —— 
$11 


Chemical Industry.) 
Other Countries 


U.S. Office of Education: Federal Security 
No. 3: Accredited Secondary Schools in the | ‘. ted States. (Su 
ment to Bulletin 1939, Ne. 2.) Pp. i+56. (Washington, D. 
Government Printing Office. ) 10 cents. (2 

Lucknow University Studies. No. 15: Recent Advances in Galactic 
Dynamics. By Prof. A. C. Banerji. Pp. vi+116. (Lucknow: Luck- 
now University.) iE 

Nigeria. Annual Report on Forest ——~ 5 pn ae for the Year 
1942. Pp. 22. (Ibadan : Forest De t.) 
University of Bombay: Depa —~y "of Chemical Techno! 
tus 1943. Pp. vty. (Bombay : University of Bombay.) [ 
.3. Office of Education: Federal Security Agency. Bulletin 1942, 
No. 2: Arts, Crafts and Customs of our Neighbor Republics: 4 
Bibliography. Compiled by Emilie Sandsten Lassalle. . 52. 
cents. Leaflet No. 65: Inter-American Education Demonstration 
Centers: Report of Project, January to June 1942. By Helen K. 
Mackintosh, assisted by sy MacDougald Melchior. 
10 cents. (Washington, D.C.: Government Printi 

U.S. Department of A ture. Tech 
Studies on Host Plants of the Leafhoppers of the Genus Empoasca. 

By F. W. Poos and Nancy H. Wheeler. Pp. 52. (Washington, po ee 
Government Printing Office.) (110 

Proceedings of the California Academy of Sciences, Fourth Series. 
Vol. 23, No. 35: Mammals of the Clearwater Mountains, Idaho. 
Robert T. Orr. Pp. 511-536 +plates 45-47. Vol. 23, No. 36: Mollusks 
of the Clearwater Mountains, Idaho. By Allyn G. Smith. Pp. 537- 
554 + plate 48. (San Francisco : California Academy of Sciences.) [110 


Catalogue 


A Catalogue of Books on a Variety of Subjects suitable for 
tion together with a selection of New and Recent Books. () 
Pp. 24. (London: Bernard Quaritch, Ltd.) 1d. 


ncy. Bulletin 1942, 


resenta- 
vo. 615.) 














